N71-25079

NASA CONTRACTOR
REPORT

NASA CR-61348

INTERACTION MODEL OF MICROWAVE
ENERGY AND ATMOSPHERIC VARIABLES

By Norman E. Gaut and Edward C. Reifenstein, III

Environmental Research and Technology, Inc.
58 Guinan Street
Waltham, Mass. 02154 -

April 20, 1971

CAS
E
COpI;,lLE

Prepared for

NASA-GEORGE C. MARSHALL SPACE FLIGHT CENTER
Marshall Space Flight Center, Alabama 35812




1. Report No. 2. Government Accession No. 3. Recipient's Catalog No.
NASA CR-61348

4. Title and Subtitle 5. Report Date

April 20, 1971
6. Performing Organization Code

INTERACTION MODEL OF MICROWAVE ENERGY AND ATMOSPHERIC VARIABLES

7. Author(s) 8. Performing Organization Report No.
Norman E, Gaut and Edward C. Reifenstein, III

10. Work Unit No.

9. Performing Organization Name and Address
Envirommental Research & Technology, Inc,

58 Guinan Street 11. Contract or Grant No.
Waltham, Mass. 02154 NAS8-26275
13. Type of Report and Period Covered
12. Sponsoring Agency Name and Address CONTRACTOR REPORT
gﬁgﬁington, D, C, 20546 14. Sponsoring Agency Code

15. Supplementary Notes Technical Coordinator: S. C. Brown, Aerospace Environment Division, Aero-Astrodynamic
Laboratory, Marshall Space Flight Center, Alabama 35812.

16. Abstract

Results are presented for a study of the effects of water vapor, liquid water and ice upon
radiative transfer processes at microwave frequencies and in far infrared. The fundamental processes|
by which these species interact with microwave energy are discussed, and their statistics analyzed
in terms of their application to a range of remote sensing problems.

Theoretical expressions for the water-vapor absorption coefficient at microwave frequencies
are reviewed, and an efficient computer-oriented algorithm is presented for its computation. The
Mie theory is reviewed, and the unit-volume effects of typical liquid-water and ice cloud distribu-
tions over the spectral range from 10 cm to 10 microns are examined, Characteristics of the two-
dimensional distributions of water vapor, liquid water, and ice in the atmosphere have been
collected on planetary, synoptic, meso-, and microscales, and are examined in terms of remote
sensing applications. Extreme values of each are established as a function of scale gsize and
related to the attenuation and noise energy produced and their fluctuations in time,.

The information content of radiosonde and cloud data, such as has been used in the 4-D
Atmospheric Model and Cloud Statistics Program, is examined for its utility in simulation and
predicting the influence of the atmosphere on surface observations from a space observer.

17. Key Words {Suggested by Author(s)) 18. Distribution Statement
Water Vapor, Clouds, Atmospheric Attenuation, Unclassified-Unlimited
Microwaves, Cloud Models, Earth Observations from
Space - 2
P wwﬁ/ £ P /////'u'/r’///) e
E. D. Geissler
Director, Aero-Astrodynamics Laboratory
19. Security Classif. (of this report) 20. Security Classif. {of this page) 21. No. of Pages 22. Price”
UNCLASSIFIED UNCLASSIFIED 232 $3.00

*For sale by the Clearinghouse for Federal Scientific and Technical Information
Springfield, Virginia 22151



Chanter I
Chaonter I1I

Chapter III

TABLE OF CONTENTS

Introduction

The Absorption Coefficient of

Atmospheric Water Vapor.

A. The Water Vanor Molecules

B. The Absorption Coefficient

C. The Modified Form Factor

D. Analysis of the Non-Resonant
Spectrum

E. The Water Vapor Spectrum to
1350 GHz

F. Computational Procedure

Interaction of Liquid Water and

Ice Particles with Electromagnetic

Energy over the Spectral Range

10 cm to 10 u.

A. The Theory of Mie

B. Dielectric Properties of Pure
Water

C. Mie Efficiency Factors for
Water

D. Single Particle Properties of

Ice from 10 u to 10 cm

iii

Page

15

19

22

24

28

31

38

49



Chapter 1V

Chapter V

G.

Dielectric Properties of Ice
Mie Efficiency Factors for Ice
Unit Volume Radiative Transfer
Properties of Water and Ice
Clouds

Absorption by Clouds in the
Rayleigh Limit

Radiative Transfer Properties of

Clouds from 10 cm to 10 u.

A.

Modelina Procedures for Atmos-
pherfc Variables

Models of Clear Atmospheres
Models of Cloud Cover Conditions
Unit-Volume Scattering and

Absorption Properties of Clouds

The Variability of Water Vapor in the

Atmosphere and Its Relationship to

Radfometric Observations.

Ao
B.

Water Vapor in the Atmosphere
Counling Considerations Between
Atmospheric Enerqy and Atmos-
pheric Water Vapor
Representative Absorption and

Noise Computations

iv

Page
50

50

55

56

61

61

65

65

72

80

80

107

123




Chapter VI

Chapter VII

References
Anpendix A
Appendix B

Appendix C

The Variability of Liquid Water and

Ice in the Atmosphere and its Relation-

ship to Radiometric Observations.

A. Liquid Water and Ice in the
Atmosphere

B. Radiometric Studies of Clouds

C. Absorption, Scattering and
Other Characteristics of the
Clouds in the Cloud Catalogue

Conclusions and Recommendations.

145

145

155

167

168
171
175
177
195



II-3.

IT-5.
I1-6.

ITI-1.

I11-2.

I11-3.

I11-4.

ITI-5.

ITI-6.

I11-7.

LIST OF FIGURES

Geometrical confiquration of the water vapor
molecule. (Gaut, 1968)

Relative distribution of water vapor molecules
over the first 52 energy states at 293 OK, com-
pared with a straight Maxwell-Boltzmann dis-
tribution. (Gaut, 1968)

Absorption spectrum of the 22.235 GHz resonance
1ine of water vapor together with theoretical
and empirically corrected curves. (Gaut, 1968.)
The empirical correction term (solig line)

for P=1000 mb, T=300 OK and , =1 a/m”, together
with points derived from experimental data.
Water vapor spectrum from 10 to 300 GHz.

Water vapor spectrum from 300 t» 1350 GHz.

Index of refraction for pure water, 10 u to
10 cm.

Index of refraction for pure water, 1 GHz
to 300 GHz.

Mie efficiency factors for scattering and
extinction by pure water droplets at 10 cm.

Mie efficiency factors for scattering and
extinction by pure water droplets at 5 cm.

Mie efficiency factors for scatterina and
extinction by pure water droplets at 1 cm.

Mie efficiency factors for scattering and
extinction by pure water droplets at 5 mm.

Mie efficiency factors for scattering and
extinction by oure water droplets at 1 mm.

vi

Page

12

21

23

25

26

35

37

39

40

41

42

43




111-8.

I11-9.

I11-10.

ITI-11.

IT1-12.
ITI-13.

ITI-14.

ITI-15.

ITI-16.

I11-17.

IV-1.

Iv-2.

IV-3.

Iv-4.

Mie efficiency factors for scattering and

extinction by pure water droplets at 500 microns.

Mie efficiency factors for scattering and

extinction by pure water dronlets at 100 microns.

Mie efficiency factors for scattering and

extinction by pure water droplets at 50 microns.

Mie efficiency factors for scattering and

extinction by pure water droplets at 10 microns.

Index of refraction for ice, 10 uto 10 cm.

Mie efficiency factors for scattering and
extinction by ice particles at 1 cm.

Mie efficiencv factors for scattering and

extinction by ice particles at 100 microns.

Mie efficiency factors for scattering and

extinction by ice particles at 10 microns.

Microwave absorption by water clouds from
1 to 1000 GHz as qiven by the Rayleigh
approximation formula of Staelin (1966).

Microwave absorption by ice clouds from
1 to 1000 GHz as given by tabulated data
of Atlas et al. (1965).

Geometries applicable to the solution of
the equation of radiative transfer in a
plane layered atmosphere.

Temperature profiles for three model atmos-
pheres used in the present study to represent

climatic extremes.

Water vapor density profiles for three model
atmospheres used in the present study to rep-

resent climatic extremes.

Scattering and Extinction coefficients com-

puted for low-lying stratus as a function
of wavelength with the empirical formula
of Staelin (1966) shown for comparison.

vii

45

46

47

51

52

53

58

59

62

66

67

73



IV-5.

IV-6.

Iv-7.

v-1.

V-3.

V-4.

V-6.

V-7.

V-8.

V-9

V-10.

Extinction coefficient for three layers of a
rain bearing cumulus cloud comouted as a
function of wavelength.

Sinale scattering albedo for three model cloud
distributions as a function of wavelength.

Single scattering penetration depth for the
three layers of a rain bearing cumulus cloud,
with layer depths shown for reference.

The zonally averaaed precipitable water for
the summer, winter and year of the IAY.

The annual average of precipitable water in
vapor form along 800 west longitude.

A meridional cross-section of the zonally
averaaed absolute humidity. Data are from
the IGY.

A meridional cross-section of the mean annual
distribution of water vanor along 800 west
longi tude.

The vertical distribution of the zonallv aver-
aged absolute humidity for the IGY.

A meridional cross-section of the zonally
averaged temporal standard deviation of the
absolute humidity.

The annual mean distribution of precipitable
water in vanor form over the northern hemis-
phere.

The mean distribution of precipitable water
in vapor form over the northern hemisphere
during summer.

The mean distribution of precipitable water
in vapor form over the northern hemisphere
during winter.

The annual mean distribution of precipitahle

water in vapor form over the southern hemis-
phere.

viii

Page

75

76

78

82

84

85

87

88

89

91

93

94

95




V-11.

v-12.

v-13.

V-14,

V-15.

V-16.

v-17.

V-18.

V-19.

v-21.

The mean distribution of precipitable water in
vapor form over the soutaern hemisphere during
summer. Unfts are gn/cm“. Data are from the IGY
(1958). (Courtesy of Dr. J. P. Peixoto, M.I.T.)

The mean distribution of precipitable water in
vapor form over the soz:ﬂern hemisphere during
winter. Units are gm/cm®. Data are from the
I6Y %1?58). (Courtesy of Dr. J. P. Peixoto,
M.1.T.

The mean annual distribution of precipitable
water in vapor form over the African continent.
Units are gm/cm“. Data are from the IGY (1958).
(Peixoto and Obasf, 1965.) i

The mean distribution of precipitable water in
vapor form overzthe African continent in summer.
Units are gm/cm®. Data are from the IGY (1958).

The mean distribution of precipitable water in
vapor form over the African continent in winter.
Units are gm/cm. Data are from the IGY (1958).

Precipitable water over the U.S. on 16 March 1969
as reported by the U.S. Weather: Bureau.

Hypothetical curves describing the maximum preci-
pitable water in vapor form and maximum variation
of this parameter over two scale sizes as a
function of scale size.

Weighting function WF, for absorption versus
height for 19.0, 21.9 and 22.235 GHz. Values
have been normalized.

The stability of the weighting function WF, at
19.0 GHz for various standard atmospheres Over
the earth.

Weighting function HFZ for brightness temperature,
looking at the zenith
as a function of height.

Stability of the weighting function NF% at 19.0 GHz
h

for various standard atmospheres over the earth.

ix

at 19.0, 21.9, and 22,235 GHz

97

98

100

10t
102
103
108
111
112
115

116



v-22.

v-23.

V-24,

V-25.

V-26.

v-27.

V-28.

V-29.

V-30.

v-31.

v-32.

The percentage of total energy received versus

" height at 183.310 GHz is several standard

atmospheres.

The brightness temperature as seen by a satellite
based radiometer in the vicinity of the 183 GHz
line in a tropical and mid-latitude atmosphere.

The weighting function NFZ, the mean tropical
water vapor distribution, and the emission
(WF5 x p) as a function of height.

The effect of surface versus space observations
on the expected signal variability caused by
hypothetical variations in the precipitable
water of the atmosphere.

The opacity due to atmospheric water vapoE between
10 and 350 GHz for 0.5, 2.5 and 4.5 gm/cm“.

The absorption spectrum between 10 and 350 GHz for:

(1) the mean annual atmospheric conditions near
La Jolla, California; and (2) for the one sigma
deviations from these atmospheric conditions.

Atmospheric opacity due to water vapor alone
versus precipitable water in vapor form for 12,
22, 32, 97, 182, 222 and 322 GHz.

Atmospheric brightness temperature due to water
vapor alone of a zenith viewing radiometer versus
precipitable water in vapor form for 12, 22, 32,
97, 182, 222 and 322 GHz.

The mean annual distribution over the Northern
Hemisphere of total atmospheric opacity t due to
water vapor alone at 12 GHz, for a zenith viewing
radiometer.

The mean annual distribution over the Southern
Hemisphere of total atmospheric opacity t due to
water vapor alone at 12 GHz, for a zenith viewing
radiometer.

The mean annual distribution over the Northern
Hemisphere of total atmospheric opacity t due to

water vapor alone at 32 GHz, for a zenith viewing
radiometer.

Page

118

119

121

124

125

127

129

130

133

134

135




v-33.

V-35.

v-37.

v-38.

v-41,

VI-1.

VIi-2.

VI-3.

The mean annual distribution over the Southern
Hemisphere of total atmospheric opacity r due to
water vapor alone at 32 GHz, for a zenith viewing
radiometer.

The mean annual distribution over the Northern
Hemisphere of total atmospheric opacity r due to
water vapor alone at 97 GHz, for a zenith viewing
radiometer.

The mean annual distribution over the Southern
Hemisphere of total atmospheric opacity t due to
water vapor alone at 97 GHz, for a zenith viewing
radiometer.

The mean annual distribution over the Northern
Hemisphere of brightness temperature TB due to
water vapor alone at 12 GHz.

The mean annual distribution over the Southern
Hemisphere of brightness temperature TB due to
water vapor alone at 12 GHz.

The mean annual distribution over the Northern
Hemisphére of brightness temperature Tg due to
water vapor alone at 32 GHz.

The mean annual distributidf® over the Southern
Hemisphere of brightness temperature T8 due to
water vapor alone at 32 GHz.

The mean annual distribution over the Northern
Hemisphere of brightness temperature TB due to
water vapor alone at 97 GHz.

The mean annual distrubution over the Southern
Hemisphere of brightness temperature T8 due to
water vapor alone at 97 GHz.

Relative drop size distributions for fair weather
cumulus, cumulus congestus and nimbostratus.

Hypothetical curves describing the maximum preci-
pitable water in cloud droplet and rain droplet
forms as a function of scale size.

Cloud opacity weighting functions in the mid-
latitude atmosphere for three frequencies.

xi

136

137

138

139

140

141

i42

14:

144

150

156

158



VI-4.

VI-§.

VIi-6.

VI-7.

Liquid water content for which the opacity is
unity as a function of frequency and nadir angle,
with typical cloud types shown for reference.

Brightness temperature of the calm sea surface
through low-lying stratus.

The function W (dTp/dw) vs. cloud liquid water
content at 19.35 Gaz and 37 GHz.

Trace from measurements by the Convair 990 19.35
GHz radfiometer over clouds in the Gulf of Mexico.

xii

Page

160

162

163

166




Iv-1

VI-1.

VI-2.

LIST OF TABLES

Properties of Standard Cloud Models

Cloud Liquid Water Characteristics

Measured dronlet concentrations

xiii

68

148

152



I.  INTRODUCTION |

Radio astronomers and atmospheric physicists have been interested
in the microwave properties of the atmosphere by necessity or inclin-
ation for many years. Designers of communication systems have
relentlessly moved to utilize higher microwave frequencies as the
lower ones become more crowded each year. Their interest in the
interaction between microwaves and the atmosphere has therefore
increased. Now the National Aeronautics and Space Administration
has placed a great deal of emphasis upon earth observations and it
is clear microwaves offer a potentially highly useful means of inves-
tigating surface properties. Therefore, from NASA's viewpoint, it is
imperative to learn more about how the atmosphere will affect surface

observations made from space.

In an attempt to illuminate certain aspects of the relation-
ship between microwaves and atmospheric water and clouds, this
study was undertaken. It is directed especially towards the pro-
blems of remote sensing of the surface from space but in answering
questions concerning this application it will no doubt be useful for

other purposes.



A. Objectives
The objectives of this study can be listed as follows:

1. To establish a mathematical 1ink between the molecular
processes and the bulk electromagnetic properties of atmospheric
water vapor, liquid water, and ice, over the spectral range from
10cm to 10u in wavelength.

2. To develop explicit formulation and methods to compute
atmospheric spectra for arbitrary atmospheric configurations of pressure,
temperature, water vapor, liquid water drops and ice over the range
10cm to 10u.

3. To examine the variability of water vapor and clouds in
the atmosphere and relate this to radiometer signal variability.

4. To establish methods for applying the techniques and
information developed in 1 through 3 to world wide statistics of

water vapor and clouds.

B. Approach

The objectives for this study were ambitious for the amount of
funds allocated. Therefore, it has been necessary to carefully select
the most vital parts of each objective and to concentrate our research
on them. An example of the approach which we adopted, taking these
restrictions into account, is illustrated below in the case of computing

the absorption of atmospheric water vapor:




Water vapor spectra have been computed for many years. As far as
we know the most accurate calculations between 1mm and 100u have relied
upon computing the contribution to a given frequency interval from all
or most spectral lines within a wide spectral interval. The process,
however, is expensive in computer time, and, up to now, no matter what
line shape was chosen, has been systematically inaccurate for all
spectral intervals not falling on or near to the resonant frequency
of a spectral line. However, to study atmospheric spectra over the
very wide range which this study calls out, it is essential that these
computations be accurate and economical to carry out. In preparing
this section, therefore, considerable effort was expended to deter-
mine a new, more economical method for computing absorption by atmospheric
water vapor. The result is an efficient new algorithm applicable tc

the microwave spectrum at least te 1000 GHZ.

This same philosophy has been applied to each well defined
subarea of the study. The essential considerations have been brought
out and then the most economical methods employed to achieve accurate and

meaningful results.

C. Limitations

This study in no way exhausts the subject matter discussed. In



fact various economies were required to cover the broad ground over
which the study was carried out. One of the subjects which simply
could not be explored was band models which could be used to compute
spectra from the region from around 200u down to 10u over spectral
bandwidths typical of instrumentation available for measurements in

this region. Since the principal objective was to examine the microwave
region, which is usually limited to wavelengths longer than one mm,

the technique best suited for the microwave region was developed and
applied as far into the infrared as it seemed useful. The computational
method which evolved was the differential bandwidth method which, even
though it is accurate in any part of the spectrum, loses its signi-
ficance for infrared detectors, all of which have bandwidths that in-

clude many individual spectral lines.

A further limitation exists for the application of the spectral
computational methods to worldwide statistics. Methods were developed
to provide a means for establishing the statistics of atmospheric
attenuation, emission and variability due to water vapor over the
entire earth for seasonal and yearly conditions. Examples are given
for a very limited set of frequencies and geographical locations be-
cause of the rapid multiplication in time and effort needed to produce
these maps. However, corollary graphs and explanations make it possible

to extrapolate the results to many other spectral regions.




We have not attempted to analyze surface emission or the effect
of surface reflectivity on atmospheric emission. The primary subject
matter is atmospheric attenuation and emission and therefore results

are presented for that contribution only.

Another fundamental limitation in applying the methods to compute
cloud attenuation and scattering is the lack of quantitative data on
liquid water and ice distributions in the atmosphere. So far, world
cloud information is limited to cloud cover statistics. No data exist
to define the global distribution of liquid and frozen water. Our
approach, therefore, has been to establish representative cloud models
which could be related to the cloud descriptions in the 29 homogeneous
cloud regions defined in the world-wide cloud studies already performed
for NASA/Marshall, analyze these models and suggest which models might

be appropriate for each region.

D. Uses of the Study

This report has attempted to bring together certain tools which
can be used to assess the impact of water vapor and clouds on earth-
space communications and observations. It can be used to establish
planning data where knowledge of the statistical properties of atmos-
pheric attenuation, noise energy and scattering processes are needed.
If more detailed calculations are needed, it provides the algorithms

and general procedures which can be programmed to compute the detailed



structure of the atmosphere. It outlines procedures for utilizing
world wide statistics on the distribution of water vapor and clouds
as they are now known and analyzes the origin and magnitude of the var-

iability which can be expected in these quantities.

The most important use of this study may be to provide the
foundation upon which specific mission oriented studies can be con-

structed.




I1. THE ABSORPTION COEFFICIENT OF ATMOSPHERIC WATER VAPOR
A. The Water Molecule

Associated with gas molecules are several forms of energy, among
which are the following: the kinetic energy of translation, the energy
associated with rotation about the principal molecular axes, the
energy of vibration, and the energy associated with the atomic orbital
electrons. The last three forms are quantized and interact with the
ambient radiation field. Each form can be considered as an approximately

independent domain of energy.

The rotational and vibrational modes of the water molecule are
shown in Figure II-1. The quantized states of owest energy correspond
to those for which the molecule is not vibrating, and are called pure
rotational eneray states. Transitions can occur between some of
these states, and thus give rise to spectral lines of absorption, if
the final state is at a higher energy level tﬁan the initial state,
or to spectral lines of emission,if the final state is at a lower

energy level.

Energy states for asymmetric molecules like Hy0, that is, mole-
cules whose three moments of inertia have different values, are de-
signated in one of two ways. In the most explicit method, the quantum
number J associated with the total angular momentum is expressed with
two subscripts K_; and K.;. These last two numbers are internal

quantum numbers associated with limiting prolate and oblate symmetrical



THE WATER VAPOR MOLECULE (H,0)
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Figure II-1. Geometrical configuration of the water vapor
| molecule. (Gaut, 1968.)




molecules rotating in a manner similar to the asymmetric one of interest.

More concise is the J, notation. J remains the quantum number
associated with the total anaular momentum, but it now has a sinale
subscript. This subscript is associated with the order of the eneragy
level in question in the possible (2J+1) levels which can occur for
the same total anqular momentum. If K_y and K4y are known, t may

always be found from the expression r = Koy + Kyq-

In the JK_],K+‘ notation, the transition producing the lowest
frequency water vapor line occurring at 22.2 GHz line is produced by
the transition between the enerqy states 52’3 > 61,6- The 183.3 GHz
line is produced by the transition between the energy states 2]’2 -
31,3- In the J. notation, these transitions are 5.1~ 6.5 and

2+2 * 3.2, respectively.

B. The Absorption Coefficient

The absorotion coefficient for radiation is found from quantum
mechanical consierations to be dependent upon the followina factors:
(1) the transition frequency, given by Ea. 2-1; (2) the intrinsic
line strength of the transition; (3) the distribution of molecules
among the states which can participate in a transition; and (4), the

line shape factor.

Many excellent treatments of the theory of water vapor absorption



exist in the literature (see, for example Townes and Shawlow, 1955;
Herzberg, 1966). The discussion given here summarizes the analysis

of Gaut (1968).

The frequency at which spectral lines appear is directly
related to the energy difference between the initial and final
energy states of a transition and is approximately given by the

Bohr relationship:

v

3= |E5 - E4l

T h (2-1)
where the subscripts i, j refer to the initial and final states, vij
is the resonant frequency of the transition between energy levels i
and j with energy values E; and Ej , and h is Planck's constant.
The general expression for the absorption coefficient resulting from
the transition of molecules between the energy states i and j is given
by

. 8rv 2 2} -
Yi; T Fhe |£0459)1 {Ni|“ij| - Nyluysl -2

in which Yij is the absorption coefficient for the transition i+j;
Vi is the frequemcy of the incident radiation, Ni and Nj are the
number densities of molecules in the lower and higher energy states,

10




respectively; l“ijlz is the square of the dipole matrix element
associated with the transition i+-j, and f(vij’v) is the line shape

factor.

Eq. 2-2 demonstrates the dependence of the absorption coeffi-
cient upon the populations of the two energy levels. Transitions
occur from one energy level to the other and absorption takes place
only when l“ijlzNi>|“ji|2Nj' This situation occurs under conditions
of thermodynamic equilibrium only when 'i' represents the state of lower
energy. When the reverse condition exists, and I”ij|2N1<l“ji|2Nj’
again with 'i' representing the lower energy state, eneray is added
through emission to the ambient radiation field. Within the atmos-
phere, thermodynamic equilibrium exists for water vapor well into
the mesosphere allowing the population of levels to be found from
the Boltzmann theory, in which the population of any given level
is proportional to exp {-E/kT} where 'k' is Boltzmann's constant
and ‘T' the absolute temperature. As an example, the term (energy)
values of the first 52 rotational energy levels of the water mole-
cule are shown in Figure II-2 together with their relative oopula-
tions. Also for comparison shown in Figure II-2 is a straight
Maxwell-Boltzmann distribution at 293° K. The deviation of the actual
population from the Maxwell-Boltzmann distribution is a result of

statistical weighting factors for degenerate space and nuclear spin.

11
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Making use of the approximation of Van-Vleck (1947) for the
partition function for water, the expression for the absorption co-

efficient becomes

) .. S..

853Nu2v  8ij -E./kT  _-E./kT

Y0 = 3h2 ¥y A1) 5 {? /KT _ o 57k }»[f(v,vi.)l (2-3)
0.0344 T J

where u is the permanent dipole moment of the water molecule, g

a statistical weighting factor equal to 1 when t is even or 3 when t
is odd, Sij the "transition strength" or "line strength" representing
the effective dipole moment of the transition i+j (relative to u), and

f(v’vi') the 1ine-shape factor defined such that
J

f f(\’s\’ij )dv = 1 (2-4)

For the purposes of computation, it is convenient to express
Eq. 2-3 in terms of a single contant term together with parameters

appropriate to water vapor absorption by the atmosphere:

1.97 x 105 p g.. S..
ij Vij [F(v,v. .)] {e—Ei/kT _ e-Ej/kT}
% 1 ,

Yij (V) -

(dB/km) (2-5)

13



where p = water vapor density, g/m3
g = 1,3 for = even, odd

S = Tline strength

T = absolute temperature in °K
Ejj = term values (energy values) of_ the
lower and upper states, in cm™
k = Boltzmann's constant, in el eg!

and F V,Vij) is a "Modified Form Factor" (no longer normalized by
Eq. 2-4), containing the frequency dependence in the vicinity of the
single line. According to the definitions of Egqs. 2-3 and 2-5,

F(v’vij) LY If(\’,vlJ)l (2'6)

where lf(v,vij)l is the normalized line-shape factor. We shall

discuss the 1ine shape and Form Factor in greater detail below.

One further simplification to Eq. 2-5 obtains in the microwave
spectral region when the Rayleigh-Jeans approximation (hv/kT<<1) is
valid. In this case the term in brackets containing the two ex-

ponentials becomes, (making use of Eq. 2-1):

{e-Ei/kT _ e—Ej/kT} e-Ei/kT (?T\:.;J-) (2-7)

14




and Eq. 2-5 may be replaced by

9.45 x 103 p g.. S..
_ ij "ij -E./kT}
yij(v) = Tsﬁ [vij F(v,vij)] {e i

(d3/km) (2-8)

where all quantities are as defined above and v,vij are in GHz.

C. The Modified Form Factor

The finite breadth of spectral lines is the result of a combina-
tion of the following: (1) the "natural" line width related to the
radiative transition lifetime by the uncertainty principle; (2) the
"Doppler" line width arising from the distribution of velocities of
molecules in random thermal motion; and, (3) the "collision" line
width resulting from interactions between nearby molecules during

collisions.

Of these mechanisms only Doppler and collision broadening
processes need be considered for atmospheric studies at microwave
frequencies. Radiational transition lifetimes of the order of
seconds, typical of electric dipole transitions at microwave fre-
quencies lead to natural line widths of order 1 Hz. Atmospheric
temperatures yield, for water vapor at 22 GHz, Doppler line widths
of order 10 kHz. Finally, atmospheric pressures lead to collisional
line widths of 2 GHz at a fréquency of 22 GHz. We shall therefore
restrict ourselves in this discussion to the collisional, or pres-

sure-broadening process.
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The exact treatment of the problems of collisional broadening
requires detailed knowledge of the interacting forces and processes

occurring during collisions, not all of which are well known.

Derivations of theoretical line-shapes for collision-broadened
lines have been done by Lorentz (1906), Van Vleck and Weisskopf (1945),
Gross (1955), Zhevakin and Naumov (1963) and others. Additional
interest has resulted, in recent years from the increased availability
of data in the microwave region in the vicinity of the water-vapor
lines at 22, 183 and 323 GHz. A recent review of the current status
of the theory of collision broadening in the neighborhood of the 183
and 323 GHz lines has been given by Ulaby and Straiton (1970).

[Note that the Modified Form Factor as defined by these last authors
differs from than of Eq. 2-6, as used in this discussion by the

factor (“/vij)]‘

At present, the most commonly used expressions are those of
Van Vleck and Weisskopf (1945) who were led by conceptual difficulties
with the original Lorentz theory at low frequencies to a reformula-
tion of the theory. In the Van Vleck and Weisskopf approach, two
assumptions are utilized: (1) rotating molecules can be treated as
classical oscillators of natural frequency wg driven by the external
field to oscillate at w; and, (2) collision between rotating mole-

cules leave the oscillator variables (position and velocity) dis-
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tributed according to a Boltzmann distribution corresponding to the
applied field at the time of collisions. An undesirable consequence

of this approach is the large oscillator velocities required to re-

distribute the oscillators in position.

In the more recent theory of Gross (1955), the Van Vleck Weiss-
kopf theory is modified by assuming that the oscillator positions
are unchanged as a result of a collision, but that their velocities
are altered to values appropriate to a Boltzmann distribution corres-

ponding to the time of impact.

The "Modified Form Factors" as defined by Eq. 2-6 for the two

theories are given below:

F ( ) vZ Av 1 1
V,v..} = —— Y 2 * 2 2 (2-9)
vv ij vij (\)ij V)< + Av (\)ij + v)© + Av
and
4v2vi]. Av
= 2-10
Felvsvy ) M. .2 - v2)2 + 4v2(av)2 (2-10)

1]
in which v is the observation frequency, Vij the resonant frequency of

of the transition, and Av the linewidth, as given by Gaut (1968):

w = o (1om0) (s55) (1 + %) G-11
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with (av)othe line width at 1000 mb pressure, 300°K temperature and
the water vapor density o+0. The constant n is a line-dependent
exponent describing the temperature dependence of the line width,
and o 1is a factor that is a measure of the enhanced effectiveness
of Ho0 molecules for broadening water-vapor lines relative to

nitrogen molecules
At resonance, both formulations

= Vij = V.. (2-12)
Fv,935) = —5= > ¥ = V45

The following dependencies away from resonance obtain for the Van

Vleck Weisskopf case:

F.(vv,.) = 2 v2 Av
LAREAS & Vija v << vij
(2-13)
2 Av
o - >> ..
Fvv(v,vij) vij v vlJ

and for the Gross line-shape factor
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feviy) = 5 | Vi

(2-14)

n

4 vii Av
Fglvsviy) = —3— v 2> v

D. Analysis of the Non-Resonant Spectrum

Experimental data in the microwave region, confined largely to
the three lowest lines at 22, 183 and 323 GHz show good agreement
with these and other theories at resonance but are in error by as
much as a factor of 5 (see Gaut, 1968 and Ulaby and Straiton, 1970)

in the far wings of the lines.

Zhevakin and Naumov (1963) used the Gross line-shape factor
for the calculation of atmospheric water vapor absorption over the
spectral range 10 u to 2 cm. Although the agreement between observed
values and those calculated by summing the contributions of all the
lines is better for the Zhevakin and Naumov expression than for the
Van Vleck-Weisskopf theory, the disagreement still exists. Burch
(1968) has reviewed the available data for atmospheric water vapor
in addition to making laboratory measurements to 36 cm~! (278 microns)

demonstrating the presence of the discrepancy in the wings of the

lines over the entire range.
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One would at first assume that, since the calculated values
are too low, the aerror. results from not summing over enough lines,
i.e., the contribution of a large number of strong lines at much
higher frequencies is non-negligible. This assumption was tested
by Gaut (1968) for the 183 GHz 1ine, comparing the profile ob-
tained with a single resonance to that obtained by summation of the
contribution of the first 53 lowest rotational resonances, using the
Van Vleck-Weisskopf 1ine shape. The inclusion of the additional
lines reduced the error between observed and calculated values by only

15%.

In practice, the solution to the dilemma is the adoption of an
empirical term describing the difference between the observed values
and those obtained by summation over the nearby lines. This approach
has been adepted by Gaut (1968) who finds that, for the 22 GHz Tine,
additive term of magnitude 4 times the uncorrected non-resonant back-
ground is needed. This is illustrated in Figure II-3. Similarly,
Burch (1968) adopts an empirical "continuum" obtained by fitting the

computed values to the experimental points.

In the present study, the spectrum was computed over the range
from 10 to 1000 GHz making use of the Gross line shape and summations
over the first 53 lines, at 1000 mb pressure, 300°K temperature,

with water vapor density o = 1 g/m3 . The experimental data of Becker
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and Autler (1946), Frenkel and Woods (1966) and Burch (1968) were
reduced to equivalent conditions, and the difference between the

observed and computed values plotted in Figure II-4.,

The contribution of lines at higher frequencies is proportional

to v2 as seen from Eq. 2-14, and hence an expression of the form

n'
Yeorr. ) = C ( T 1000 / " (2-13) .

was adopted for the correction term, with the parameter C and the
exponent n' to be determined. In Figure II-4 the solid line re-
presents the best fit of the points derived from the data corresponding
to C=4.741.0 x 10°® for n' in GHz. For the temperature exponent,
the values used by Gaut (1968) for the 22 and 183 GHz lines were

generalized by taking

n' =3/2+n (2-16)

where n is the temperature exponent in the line width Av as defined
in Eq. 2-11. This assumption leads to n' = 2.126, 2.10 and 2.110
for the 22, 183 and 323 GHz lines.

E. Water Vapor Spectrum to 1350 GHz

The theoretical spectrum, making use of the above empirical .

correction term was calculated over the frequency range 10 to 1350 GHz,
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using the Gross line shape factor and including at each point the
nearest five lines above and below the given frequency. The resulting
spectrum is shown in Figures II-5 and 11-6, with experimental values
added for comparison. The constants used in Eqs. 2-5, 2-10 and 2-11
are those tabulated by Gaut (1968) and are given for reference in
Appendix A. The calculated spectrum appears to agree with the
experimental points to within ~10% in nearly all cases, up to 1000
GHz. The validity of the assumed temperature and pressure dependence
of the empirical correction term has not been determined nor has the
correction itself been validated above 1000 GHz, due to lack of

experimental data.

F. Computation Procedure

The computer algorithm used in the calculation of the spectrum
is embodied in an IBM 360 subroutine. The routine is designed for
efficient computation of many points without the necessity of an
extended summation over the entire set of rotational lines. The
number of lines actually summed is dependent upon the pressure;
at 1000 mb, the nearest five lines above and below the given fre-
quency are summed, and the effective contribution of those outside
this range is included using the correction term of Eq. 2-15. The
advantages of this procedure for the study of the microwave properties

of the terrestrial environment are twofold:
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(1) The number of basic cycles in the computation is 10 x Np
where Np is the number of sets of parameters (T,P,°,v) computed,
instead of N x Np where N, is the number of lines. The reduction in
in execution time is thus -N /10 or -100 for the entire set of about
1000 rotational lines from 22 GHz to 10 microns; and

(2) The empirical background affords sufficient accuracy to
model the spectrum, at least at 1000 mb pressure and 300°K temperature,

in agreement with experiment to -~10% over the studied range.
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I11. INTERACTION OF LIQUID WATER AND ICE PARTICLES WITH ELECTRO-

MAGNETIC ENERGY OVER THE SPECTRAL RANGE 10 CM TO 10 MICRONS.

The absorption and emission properties of atmospheric water vapor
are the result of resonant transitions from one eneray state to another.
The variability of these properties at any given frequency is influenced
primarily by the large-scale distribution of this gas. The range of
the absorption coefficient of water vapor at any given geographical
location and frequency is typically one order of magnitude, as will be
seen in Chapter V. In the case of clouds, however, local variations in
the distribution of particles, and the size of these particles can

introduce variations in extinction which greatly exceed this range.

Clouds at microwave and far infrared wavelengths interact with the
radiation field through scattering and absorption by individual parti-
cles. Since there are in general no coherent relationships between the
individual particles, the effect of a large-scale ensemble is obtained
by algebraic summation over their individual effects, assuming that the

shadowing of one particle by another may be neglected.

To examine the effect of water and ice clouds upon radiative
measurements we must therefore: (1) examine the interaction of indi-
vidual water and ice particles with electromagnetic radiation over

the spectral range of interest; (2) define a suitable set of particle
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distributions representative of cloud types likely to be found over the
earth; (3) obtain for each cloud distribution the unit-volume absorption,
scattering and extinction properties; and (4) making use of the clima-
tologicai distribution of the selected cloud types, determine their
overall impact upon remote-sensing experiments. The first and second

of these steps are the purpose of this Chapter, the third will be
discussed in Chapter IV, and the last in Chapter VI.

An electromagnetic wave incident upon a material particle causes
an interaction with the free and bound charges present within the material
by subjecting them to a force due to the incident electric field.
The charges, moving under the action of this force, generate new fields
which propagate within the material or are carried away as outgoing
radiation. The resulting electromagnetic field outside the particle
consists of the vector superposition of the incident field and the re-
radiated or "scattered" field. The result of this interaction is a
redistribution of the incident energy in such a manner as to attenuate
the forward traveling wave. This attenuation, or "extinction" actually
consists of two parts: that which reappears as scattered radiation; and
that which is absorbed due to the fact that the moving charges within
the medium experience damping forces which transfer their mechanical
energy to the surrounding medium. In addition, the medium itself emits

thermal radiation characteristic of its equilibrium temperature.

The effect of a single particle upon the external field depends
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critically upon the ratio of the particle size, r, to the wavelength, A
of the radiation. In the so-called "long-wavelenath limit", this ratio
is small, and the electromagnetic field is effectively uniform through-
out the droplet. The motion of the constituent charges is, therefore,
coherent throughout the droplet and the re-radiated field is that of

an induced dipole oscillating at the frequency of the incident field.
This limit is referred to as the "Rayleigh-scattering limit" due to the

A% dependence of the power radiated by an oscillating dipole.

At the opposite extreme lies the short-wavelength or "geometrical
1imit" for which r>>x. In this case, the motion of charges within
the droplet is coherent only along a wavefront of the exciting radiation,
and the secondary fields are progagated within the medium in such manner
as to interfere destructively except at these points. The laws of re-
flection and refraction apply, and a ray of incident radiation is de-
composed at each surface of the droplet into reflected and refracted

rays which then constitute the "scattered" radiation.

Between these two extremes, the long and short-wavelengths limits,
the electromagnetic fields are best regarded as super-positions of partial
waves which represent, physically, the modes of excitation of the die-
lectric sphere. Thus, in the simplest case, corresponding to the long-
wavelength 1limit, only the lowest order mode--the induced dipole--

is significant. As the radius of the sphere is increased successively

higher multipoles--quadropole, octupole, etc--become significant.
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A. The Theory of Mie

The rigorous solution for the diffraction of a plan monochromatic wave
by a homogeneous dielectric sphere of arbitrary radius was first obtained
by G. Mie (1908), followed shortly by P. Debye (1909). The discussion
which follows summarizes the more detailed development of the theory found in
the Titerature (see for examples, Van de Hulst, 1957; Stratton, 1941; Born
and Wolf, 1964).

Consider a uniform dielectric sphere of radius r and complex index of
refraction & in the presence of a linearly polarized monochromatic plane
wave with wave vector magnitude k=2;/» and electric field vector'fi. The
fields E and H observed at a distance R >>r from the sphere are:

T:=[Eﬂ £+ SE exp(ikp)
| ikR
(3-1}
+:' > >
L)
where E] and E2 are the electric field vector components parallel and

perpendicular to the plane scattering and é is the scattering matrix

S 0
s=[2 ®
N

0 s(oe)
1

(3-2)

wn se elements 8 (8) and S, (e) are given by

S;le) = £ 24 ag,fcose)+ by, (cose)y

2=1 2(2#7)

sz(e) = T 2+

v=1 Ty {a;z(cose) + b7 (coso)}

The solution takes the form of an expansion in mu]tipole fields with

the coefficients a, and b, for each multipole in the expansion determined
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by the boundary and the angular dependence of each multipole expressed in

the functions:
dp, (cos )
nl(cose) = <

dcos® (3-4)

. 2, dr (cos®
1 (cosB) = cos®H nl(cose) - sin”8 l( )
% dcos

with Pl(cose ) the Legendre Polynominal of order ofg . The complex co-

efficients a, and bz in the expansion are:
a, = ¥y (i,00%, (@) - Ty, (1,0 ¥4 (@)

V& 0)z, (@) - Ry @0 55

N N
by = NN, ¥, (D) - ¥, (0, yi(%) (3-5)

niG, D T (9 - ¥ (1, 0 g
n 2(“) )Cﬂ, - 2("»0‘) ;2(0’)
where the primes denote differentiation with respect to the argument and
o= kr =2myr/x. The Ricatti-Bessel functionsyz (o) and;2 (o) are related
to the spherical Bessel functions bv:
(@ = aj, (@)
(3-6)

5 (a) = oh{?) (@)
The Mie effeciency factors for scattering, extinction and absorption are

defined as the ratio forthe actual cross section to the geometrical cross

section: N N
Qj(n)a) = Xj (n,a)/n“rzj = S:A’E (3-7)

and are expressed in terms of the coefficients a and b2 and the dropsize
L

parameter as:

2 o 4V 2 N, 2
Q =% T (2+1) {|a,(n,0)| +]p,(n,0)] }
S az =1 * *
Q = 3_2 (20+1) Rela, (0,3) + b, (n,%)} (3-8)
E o L=
Q=Qg - %
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where the primes denote differentiation with respect to the argument and o
= kr = 2n r/A. The Ricatti- Besse! functions ?z(a) and ;l(a) are related

to the spherical Bessel functions by :

() = aj, ()

(3-6)

i(a) u.h{z) (a)

The Mie efficiency factors for scattering, extinction and absorption
are defined as the ratio of the actual cross section to the geometrical

cross section:

Q;(f,0) = x;(8,a)/7r?§ = S,AE (3-7)

and are expressed in terms of the coefficients a, and b2 and the drop-

L
size parameter a as:

2 © v 2 v 2

Q. =5 I (22+1) {|a,(m,a)| +|b,(n,a)]| }

S o2 2=1 . t

Q = 25 (22+1) Rela, (,0) + by (m,a)} (3-8)
o L=}

QA =Q E " QS
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B. Dielectric Properties of Pure Water

From the foregoing discussion it is clear that the
complex index of refraction must be known before the
efficiency factors, and hence the cross sections for
scattering and extinction may be determined. The polar-
izability of liquid water is the result of dipole
rotation at microwave frequencies and to ionic and
electronic interactions in the infrared and optical regions
of the spectrum respectively. For this reason, the values
of the real and imaginary parts of the complex index of
refraction, shown in Figure III-1, vary appreciably over
the range from 10 cm to 10 microns. The data used in the
preparation of Figure III-1 (curve "A") is taken from the
comprehensive literature survey of infrared properties
of water and ice by Irvine and Pollack (1968) who present

values from 1 to 200 microns. In the microwave region, the

index of refraction due to dipole rotation is given
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accurately by the Debye (1929) formula:

= 0o ™ + €& (3-9)

where ep and e are the static and optical dielectric constants and

xo is the Debye relaxation wavelenath, resulting from damping effect in
the liquid. The real and imaginary parts of the index of refraction have
been computed using the Debye formula together With the constants €g, €, ,
xo given for pure water as a function of temperature by Goldstein (1951)
and are shown in Figure III-1 as curve "B". Also shown for comparison

in Figure III-1 are recent data of Zolotarev et. al. (1969) who tabulate

the index of refraction of water from 1 micron to 1 meter, at 25°C.

The strona temperature dependence of the microwave properties of
cloud particles may be seen in Figure III-2, in which the Debye formula
has been used, together with the Goldstein constants to compute the real
and imaginary parts of the index of refraction over the range from 1
to 300 GHz for several temperatures from 273°K to 313°K. The tempera-
ture dependence of the real part is a maximum in the range from 10 to
100 GHz, while for the imaginary part the temperature dependence is
" a minimum in this same interval. Note that for frequencies less than

10 GHz, the imaginary part decreases by almost an order of magnitude
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over this temperature range. Above 100 GHz, a direct variation of

approximately half an order of magnitude occurs.

C. Mije Efficiency Factors Water, 10¢ to 10 cm

The Mie efficiency factors for scattering and extinction by
pure water have been computed as a function of drop radius for 9
wavelengths in the range from 10 microns to 10 cm, and are shown
in Figs III-3 through III-11. The index of refraction data used
are those of Zolotarev et. al. (1969). For each wavelength, the
efficiency factors were computed over a range of drop-size parameters
a from 0.01 to 50.0, to demonstrate in each case the drop sizes for
which the long and short wavelength limits are appropriate, respective-
ly. The former "Rayleigh" 1imit is of particular interest in the
present application;, since it is in this limit that scattering may be
neglected and clouds treated as purely absorbing media. In the Rayleigh

limit, a<<1 the efficiency factors QS and QE of Eq. 3-8 take the form

_ 8t 2
QS = -—3— 'Kl + ...
8a4 2
Qg = 4o Iml-K} + = |k|“+ ... (3-10)
Q, = 4o Im{-K} + ...
2
-1 3-11
where K = 27————— ( )
n° + 2
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Figure III-9. Mie efficiency factors for scattering and
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Examination of Figures III-3 through III-11 indicate that there
exists at each wavelength a range of drop sizes for which the
extinction factor Qg is linear in the drop radius, i.e., for
which the extinction is given accurately by the Rayleigh limit
of Eq. 3-10. Two conclusions may be drawn from these results:

(1) In the Rayleigh 1imit, the ratio of the scattering to
the total extinction cross sections xg/Xg is proportional to
(r/A)3, neglecting the wavelength dependence of K.

(2) In the Rayleigh limit the extinction cross section xp for

a spherical droplet is proportional to r3

and hence simply to the

volume (or mass) of the droplet. The total extinction coefficient
due to an ensemble of droplets is, therefore, simply proportional

to the total mass of the drop ensemble, and independent of the

drop size distribution.

At the short wavelength limit, also apparent in Figures III-3
through III-11, both Q¢ and Qs approach constant values, although
they continue to exhibit oscillations which show up when studied to
higher resolution in drop size parameter than used for the present
calculations. In the limit o>, the efficiency factor for
extinction QE+2, corresponding to a cross section of twice the
geometrical cross section of the droplet. This result is due to
equal contributions, to the total extinction, of energy intercepted
by the geometrical cross section and energy diffracted at the edge

of the geometrical shadow.
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The behavior of QS as a»>= is fairly complicated, and is strongly
dependent upon the real and imaginary parts of the complex index of
refraction. A detailed discussion of the asymptotic behavior of
both QE and QS is given in Plass (1966). For the purposes of the
present study, we assume that the values applicable to the regime
a>50 are those computed for o=50.

D. Single-Particle Properties of Ice from 10u to 10 cm.

The analysis of the single-particle interaction of ice parti-
cles with electromagnetic energy is complicated by the non-spherical
shape of ice crystals. They exist in several forms, making solution
of the field equations in terms of normal modes of oscillation of
the particle possible only for special cases. Ice crystals found in
cirrus clouds have been found by sampling techniques (Blau, et al.,
1966; Hall, 1968) to be largely made up of prismatic columns 100 to
200 y in length with hexagonal bases of order 30 to 50 u. It is clear
that the effect of cirrus clouds becomes highly important as one moves
into the infrared, in which the ratio of a characteristic dimension,
i.e. 30 u becomes large. Since the lack of uniformity in ice crystal
distributions is substantial, the effect of the irregularity of indi-
vidual particle shapes becomes relatively less important, so that in
practice an ensemble of spherical ice particles is used for computation

purposes.
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E. Dielectric Properties of Ice

At the present time, values for the index of refraction of
ice covering much of the spectral range of interest are not avail-
able. The existing data for the infrared region to 200 microns
have been assembled and reviewed by Irvine and Pollack (1968)
and are shown in Fig. III-12 as curve "A". For the microwave
region from 1 to 10 cm, the value of Herman et al,(1961)has been
shown as curve "B". Between these two regions reliable published
data on the index of refraction appears to be lacking. Furthermore,
the data represent values at temperatures ranging from 0° C to
-300C, and information required for the examination of the temper-
ature dependence incomplete. The index of refraction of ice over
the region of interest is due to ionic and electronic polarizability,
with dipole rotation occuring only at wavelengths in excess of 1
kilometer (Debye, 1929). The resulting real and imaginary parts of
the index of refraction exhibit substantial variations particularly

in the vicinity of the absorption bands.

F. Mie Efficiency Factors for Ice, 10 u to 10 cm

The Mie efficiency factors for scattering and extinction have
been calculated at 3 wavelengths, and are shown in Figs. III-13
through I11I-15, using the values of Irvine and Pollack (1968) for the

index of refraction at 10 and 100 u, and that of Herman, et al.
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(1961) for 1 cm. As in the case of water, the range of drop
size parameters is 0.01 to 50, demonstrating both the long and
short wavelength limits respectively. It is interesting to note
the relatively high contribution of scattering to the total
extinction cross section of ice particles in the microwave
region, which is a result of the low imaginary part of the index
of refraction. From Eq. 3-10 it is apparent that, even in the
Rayleigh 1imit, scattering can become important relative to ab-
sorption if Im{-K}->o.

G. Unit Volume Radiative Transfer Properties of Water and Ice

Clouds
The extent to which a particular cloud type affects the
propagation of electromagnetic radiation within a spatially
localized region depends upon the scattering, extinction and
absorption coefficients, given by:
yj(ﬁ,)\) = £ N(r)xj(;,)\,r)dr neper en”!

3 (3-12)
with Np = [ Nr)dr cn
T

where X; is the single-drop cross section (j = S, A, E) as given above
and N(r) the number of drops per cmd in the radius range from r to r
+ dr, with N; the total number density at the point in the medium.
Two additional parameters of interest are the single scattering

albedo and the penetration depth for single scattering. The single-
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scattering albedo is defined as the ratio of the scattering to

total extinction coefficients:

wy = g @A) /vg®¥,2) (3-13)

and is a measure of the fraction of energy removed from the
incident radiation field due to scattering. The penetration
depth for single scattering, as used in the present study, is

defined as 10% of a mean free path for single scattering:

d, = == (3-14)

It represents the distance in which the probability of a scatter-
ing event is less than 10%, or within which the assumption of a
purely absorbing medium introduces an error of J 10%. The penetra-
tion distance is of particular interest in relating the unit-volume
properties of an assumed distribution of cloud droplets to their
over-all effect upon radiative transfer within a cloud of a given

scale size.

H. Absorption by Clouds in the Rayleigh Limit

It has already been observed that in the Rayleigh 1imit, the
single-drop cross sections for extinction and absorption are dependent
only upon the mass of the droplet. Hence, Eq. 4-1 takes the simple

form

4"
YE - Yy =mFQ,T)- (3-15)
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where m is the mass density of the ensemble and f is a function of
the wavelength and temperature. The function f has been determined
empirically for water clouds by Staelin (1966) using constants

from Goldstein (1951) with the result that the extinction coeffi-

cient applicable to clouds in the Rayleigh limit is given by

{0.0122(201-T)-1} 45, -1 (3-16)
2

=4.35m 10

Ycloud

in which T is the absolute temperature in °K, m the mass density

in am m73

, and 1 the wavelength in cm. Values for the absorption
coefficient as given by the Staelin formula are presented as a func-
tion of frequency in Fiqg. III-16 for several temperatures ranging
from -300C to +40°C.

A similar approach may be applied to ice, making use of
tabulated data of Atlas et al. (1965) for absorption by ice clouds
in the Rayleigh limit, for temperatures ranging from 0°0 to -20°c.
These data are shown in Fig. III-17. A useful empirical relation

which fits the data over the range 00 to -200 to within about 5% is

given by:

0.5 -
“2.11 + 0.145(273-T) "~} dB km - (3-17)
Y =m 10
ICE -
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(1966).
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Fiqure I1I-17. Microwave absorotion by ice clouds from 1 to 1000
GHz as aiven by tabulated data of Atlas et al. (1965).
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Comparison of Eqs. 3-16 and 3-17 demonstrates the (A'z) dependence
of water-cloud absorption by clouds in the microwave region, and
the (1-1) dependence of ice-cloud absorption. This latter dependence
results from the fact that the index of refraction for ice is con-
stant over the microwave whereas for water it is not (see Eq. 3-10).
Another noteworthy point is the temperature dependence, which is
direct in the case of ice, but inverted in the case of water.

Ve shall examine the validity of the Rayleigh anproximation
further after discussion of the computational models used to describe

the atmosphere and clouds, in Chapter IV.
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IV. RADIATIVE TRANSFER PROPERTIES OF CLOUDS FROM 10 CM TO 10 v

A. Modeling Procedure for Atmospheric Variables

The formal relation which describes the passaage of radiation
through a material medium is the equation of radiative transfer.
For the purpose of simulating microwave signals received by a
radiometer sensina the terrestrial environment, a numerical mode!
is needed which solves the equation of radiative transfer at every
point alona the line of sight, for a medium characteristic of real
atmospheric, cloud-cover and surface conditions. The purpose of this
chapter is to discuss the algorithm used in the computation and the
models used for representation of the clear atmosphere and for repre-
sentative cloud-cover conditions.

The geometry applicable to the numerical solution of the equa-
tion of radiative transfer is shown in Fiqure IV-1. The atmosphere
is assumed to be made up of plane layers each of which contains a
uniform density of water vapor, oxygen, and liquid water at a uniform
temperature and pressure. The model atmosphere is constructed by first
using a set of values for temperature, pressure and water vapor density
Tatmi’ Pi’ and oy correspondina to a set of N levels of altitude zy, i=1,
...N. Cloud layers are modeled by inserting levels corresponding to the
base and top of each cloud layer, and interpolatina the values of Tatm,

P, and p to obtain values of these variables appropriate to the inserted

levels. The liquid water density M; for each level within the cloud
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layer is set to that of the cloud model, and the water vapor density
to a value corresponding to 100% humidity, under the assumption that
the atmosphere is fully saturated within the cloud layer.

Layers in the model atmosphere are defined as extendina between
two levels, such that the i-th layer extends between levels i and i + 1.
For each of the N - 1 layers defined by the set of N levels, the mean
temperature T, pressure P, water-vapor density 5, and liquid water density
M are assigned to mean the height Z of the layer. The temperature,
water-vapor and liquid water density averages are obtained by linear
averages, and the pressure by interpolation of the hypsometric formula.

Once the layered model of the atmosphere, with its inserted cloud
layers, has been constructed, the set of extinction coefficients appro-
priate for water vapnor, oxygen and clouds must be assianed to each layer.
The absorption coefficient of water vapor is obtained using the alaorithm
of Chapter II, using the mean temperature, nressure and water vapor den-
sity for the layer. The absorption coefficient of oxygen is computed
using the expressions of Lenoir (1968). For cloud layers, the unit-
volume scattering and extinction coefficients are calculated using
Eq. 3-12 of Chapter III, after first computina the single-particle cross
sections x(x,r), and defining the drop-size distribution N(r).

The problem of radfative transfer in a scattering medium is in
general fairly complicated and the methods for its solution are applicable
only to special cases (see Chandrasekhar, 1960; Samuelson, 1967; or

Van de Hulst, 1957 for further discussion). For this reason, the unit-
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volume properties of clouds are used in the present study to define
those conditions for which scattering may be neglected; i.e., for which
’the problem of radiative transfer becomes that of a finite series of
uniform absorbinag layers. An important criterien for the validity of
this simplified approach is that the sinale-scattering penetration
depth, dS defined by Eq. 3-14 of Chapter III be larae in comparison

to the physical path length traversed by the beam within the layer.

For space-based observations at near-nadir anales in the microwave
region, this assumption is valid for all but the rain-bearina cloud
distributions, but as one approaches the infrared region, it hecomes
less and less valid. Within the context of this general anproach,
therefore, it is really only feasible to discuss the atmospheric opacity
or brightness temperature derived by the modeling procedure for cloudy
atmospheres at the longer wavelengths.

In the application of the model, the number of layers required for
sufficient accuracy depends upon the minimum scale height within which
the important parameters change appreciably. Since the scale height for
water vapor is about 2 kilometers, spacing of levels for a clear atmos-
phere at about half this distance is adequate. Cloud layers, of course,
may be assumed to be of any desired thickness, and hence the spacing of
levels accordino to local chanae of the important parameters is accom-
plished by the cloud insertion procedure. In the present study, the
actual computations were performed using the "Generalized Atmospheric

Brightness Temperature and Weighting Function" (GABTAWF) program,
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implemented for the Univac 1108 computer.

B. Models of Clear Atmospheres

Three atmospheric models suitable for use with the numerical
procedure described in Section A have been used in the present study,
to represent the effect of climatic variations and extremes. Their
temperature profiles, shown in Figure IV-2, are the Standard Atmosphere,
1962, (mid-latitude), and the Tropical and Subarctic (summer) suople-
ments thereto, as presented in the Handbook of Geophysics and Space
Environments (Valley, 1965). The water-vapor density curves for the
atmospheres, shown in Figure IV-3, are means for the latitudes repre-
sented. They are also reported (up to the 10 kilometer level) in the
Handbook of Geophysics and Space Environments.

Above 10 kilometers, distributions of moisture are those con-
structed by Gaut (1967), making use of data of Mastenbrook and Purdy
(1969) and Sissenwine et. al.(1966) up to 28 kilometers. The distri-
butions of water vapor above 28 kilometers for -each case assume constant
mixing ratios of Zx'lO'6 grams of water vapor per gram of dry air.

C. Models of Cloud-Cover Conditions

A total of 19 cloud models have been taken from Reifenstein and Gaut
(1971) for use in the present study, representing both fair-weather and
rain-bearing cloud conditions, and including coomonly-occuring categories
of low, middle, high stratus and cumulus clouds. The properties of these

models are given in Table IV-1. Each model {is characterized by one or
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more horizontal layers for which the composition (water cloud, ice cloud,
precipitation, etc.), the mass density, and three parameters describing
the drop size distribution, are specified. In Table IV-1, column 1‘
contains a reference number, column 2 the most descriptive name of the
model. The base height and top height are specified in meters in columns
3 and 4. (The separate specification of a base and top height for each
layer allows for the possibility of layers which are physically separated
or stratified in height.) The mass density m of liquid water is given

in column 5, in q/m3. Columns 6-8 contain the parameters characteriz-
ing the cloud-dropsize distribution, N(r). For this study, the analvtical
distribution of Deirmendjian (1964) had been used which enables a aiven
cloud layer to be characterized by four parameters the mass density M,

mode radius rc of the distribution, and two shape parameters C] and C2:

N(r) = AT exp [-B rCz] (4-1)
[Cl + 4 ]
where As C; + 4 (4-2)
=7 x 10T c
2
G
and B = —m (4-3)
Co rCCZ
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The mode radius e is that drop radius at which the number density
distribution function is maximum, and is tabulated in column 6 of

Table IV-1. The two shape parameters C, and CZ are given in

1
columns 7 and 8. Finally, the principal composition of each cloud

layer is shown in column 9, with the notation "water" indicatina

a cloud with liquid water (100% humidity and a continuous drop-

size distribution), "ice" a layer primarily made up of ice crystals,
"rain" a layer made up primarily of precipitation (less than 100%
humidity, with a drop-size distribution concentrated at radii larqger

than 100 microns). The information necessary to construct the models

has been taken laraely from Valley (1965),Fletcher (1966), and

Mason (1957) with data of Laws and Parsons (1943) as tabulated by

Crane (1966) used for the rain-bearina layers. The three ice-cloud
models represent Cirrus at three predominantly different altitude

ranges, corresponding to the three different climatological conditions

of the "standard" atmospheres. For modeling nurposes, the ice lavers

have been assumed to be made up of ice spheres as discussed in Chanter
ITI. The mode radius of 40 u was based on the work of Blau et al. (1966),
with the shape parameters designed to include the effect of random-
oriented crystal faces of 100 y or more. The properties of haze, in-
cluded as model 20-4 have been taken from Deirmendjian (1964). The
catalog does not intend to be inclusive, but instead covers a range of

cloud conditions of interest in the study of remote-sensing apnlications.

4
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The dron-size distributions for each laver of the liquid water
clouds and the 1-M-1 Cirrus (midlatitude) model are given as comnuter-

generated nlots in Anpendix B.

D. Unit-Volume Scattering and Absorption Properties of Clouds

The scattering and extinction coefficients as qiven by Eq. 3-12
of Chapter III have been computed for each layer of the liquid water
clouds, at 5 wavelengths from 10 cm te 10 u, and for the 1-M-1 Cirrus
model at 10 ¢m,100 u and 10 p. The results of these computations are
tabulated in Appendix C.

Several interesting results emerqe from these calculations, and
deserve special note. First, the scatterina and extinction coefficients
for the low-lying stratus cloud model (20-1) are shown as a function
of wavelength in Fig. IV-4. Also shown in the fiaure is the extinction
coefficient as given by the empirical formula, (Eq. 3-16 of Chapter III)
of Staelin (1966) fof the Rayleigh approximation. The agreement between
the Staelin formula and the computed extinction coefficient is good for
frequencies less than ~ 100 GHz, with the slight discrepancy in this
reqion due in all probability to the difference in refractive indices
applicable to the two curves (the former makes use of data of Goldstein,
(1951) whereas the latter uses that of Zolotarev, et al., (1969). For
wavelengths shorter than ~5 mm, the departure of the computed extinc-
tion coefficient from the A'Z dependence is evident with the scatterinn

coefficient becoming significant for wavelengths shorter than ~1 mm.
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Fiqure IV-4. Scattering and Extinction coeffieients computed for low-
lyina stratus as a function of wavelenath with the empir-
ical formula of Staelin (1966) shown for comparison.
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For wavelengths shorter than ~100 u, the major portion of the drop-
size distribution 1ies in the "short wavelength 1imit", of Chapter
111, and the extinction coefficient approaches a constant value
proportional to the mean cross section of the individual drops.

A similar presentation is given for a range of drop distri-
butions in Fig. IV-5, in which the extinction coefficient yp for
the three layers of a rain-bearing cloud (25-2) is shown as a function
of wavelength. The three layers differ in mode radius Fes and mass
density m, as well as in their shape parameters C] and C2 (see
Appendix B). Each of the three curves exhibits the same character-
{stic saturation effect with increasing frequency observed for the
low-lyina stratus, but at frequencies dependent upon the mode radius
of the distribution. In the microwave part of the spectrum, the 22
dependence is still present in the case of the non-raining layers
(2 and 3) but not for the raining layer 1. The effect of extremely
large drops in rain layers has been studied in the microwave region
by Reifenstein and Gaut (1971) who find that the departure from the A2
dependence can be severe in the case of thundershowers (e.qg. model
26-1, layer 1) even at wavelengths longer than 1 cm.

The additional parameters of interest are the sinqgle scattering
albedo and sinale scattering penetration depth, as defined and discussed

in Chapter III. The single scattering albedo is shown n Figure IV-6

for three cloud types representing extremes of mode radius. The three
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Figure IV-5. Extinction coeffictent for three layers of a rain bearing
cumulus cloud computed as a function of wavelenath.
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Figure IV-6. Single scattering albedo for three model cloud distributions

as a function of wavelength.
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layers of the rain-bearing cumulus are shown, with that fof Tow-lying
stratus and heavy haze. The domain of wavelengths for each for which
scattering may be expected to be important are marked by a sharp rise
in the scattering albedo. As the wavelength becomes shorter, the
scattering albedo reaches a maximum corresponding to the coincidence
of the peak of the Mie efficiency factors with the peak of the drop
size distribution. Fina11y,rin the "short wavelength limit", the
scattering albedo reaches a constant value determined essentially by
the limiting values of Qg and QE, which are in turn highly dependent
upon the complex index of refraction.

The single scattering penetration depth is shown for the rain-
bearing cumulus model in Fig. IV-7. Also shown for comparison in Fiq.
IV-7 are the layer thicknesses, corresponding to the physical path-lenath
for observations at the nadir. Since the penetration depth is equal to
10% of a mean free path for single scattering, an error of less than ~10%
is made in negqlecting scattering in the equation of radiative transfer {f
the path length is greater than the penetration depth. The wavelenaths
for which this criterion is met are sharply defined for layers 2 and 3.
For the rain-bearing layer, however, the criterion is met over the entire
range. This surprising result serves to demonstrate the important point
that it is not anly the distribution of drop-sizes within.the path but
also the number, which determines the over-all opacity. The mass density

of the rain layer of model 25-2 is only 0.1 gm/m3 (2.4 mm/hr). Since
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Figure IV-7. Single scattering penetration denth for the three layers of
a rain bearing cumulus cloud, with laver denths shown for
reference.
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we have already observed that the scattering albedo reaches a maxi-
mum, it follows that the penetration depth reaches a minimum, and
that this minimum defines the physical path length for which scatter-

ing may be neqlected at all wavelengths. Note that for the other

rain models with rain layers of 400 u, the mass density of the layer
is at least a factor of 5, and that for a layer depth of 300 meters,
the criterion is violated for all wavelenaths shorter than about

1 cm. For slant path observations, particularly at larae nadir anales,
the situation is altered drastically, and scattering must be included
in computations made with most of the modeled distributions for wave-

lengths shorter than ~1 mm.
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V. THE VARIABILITY OF WATER VAPOR IN THE ATMOSPHERE AND ITS RELATION-
SHIP TO RADIOMETRIC OBSERVATIONS.
A11 observations through the atmosphere, in those spectral regions
in which water vapor and clouds are not totally transparent, will show
variability arising from the inhomogeneous distributions of these two
absorbers. In this chapter the question of the variability of water vapor
is taken up and related to some of the practical considerations of re-
mote observations. In particular, the following three questions have

been addressed to provide guideposts for the ensuing discussion:

1. What variations in water vapor can be expected for different spatial
scale sizes and averaging periods?

2. What are the fundamental considerations which relate
variability of an atmospheric gas to the variability of
the signal recorded by a radiometer?

3. What variability due to water vapor can be expected from a radiometer

observing through the atmosphere at various frequencies?

A. Water Vapor in the Atmosphere

Water in gaseous form is found in the atmosphere from close to zero
percent by mass to as much as four percent in warm, moist conditions. It
is highly variable from microscopic scale sizes on up to planetary scale

sizes. It is variable in time for any given point in the atmosphere,
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but this variability is itself a function of space and time. The
maximum water vapor which the atmosphere can hold is a strong function
of temperature so that the distribution of absolute humidity in the at-

mosphere is related to the mean atmospheric temperature distribution.

To bring out some of the more important details of the variability
of water vapor, the discussion that follows addresses itself in turn
to some of the features of planetary, synoptic, and meso-microscale

variations in atmospheric water vapor.

(1) Planetary Scales

Figure V-1 presents the zonally averaged (around latitude circles)
precipitable water as measured at approximately 450 radiosonde stations
over a one year period (IGY-1958). The data was assembled and analyzed
by the staff of the Planetary Circulation Project at M.I.T. The figure
is taken from Peixoto (1971). Other work by the same group and reported
in Peixoto (1970) is based unon five years of data for the northern hemisphere.
The lengthier statistical record substantiates this basic curve. In-
cluded in Figure V-1 are the curves for summer and winter conditions

to show seasonal variability.
Several points of interest related to the spatial and temporal

variability of water vapor on a planetary scale should be brought out.

First, it should be noted that the equator-pole variation is approxi-
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mately one order of magnitude (0.2-0.5 gm/cm2 at the poles to approxi-
mately 4.5 gm/cmz'at the equator). §econd1y, the winter-summer varia- -
tion in these zonal averages are everywhere less than 1 gm/cm2 with the
maximum variation occurring in the mid- and higher latitudes of the
northern hemisphere. The important differences between the equatorial
regions and the arctic regions is a direct result of the equator-pole
temperature difference. The mean precipitable water for the entire

globe derived from these curves is approximately 2.6 gm/cmz.

If one chooses a single meridian and plots the mean annual pre-
cipitable water, some variation from the zonal mean is to be expected.
Along 80° west longitude the pattern for W is that shown in Figure V-2.
The maximum water vapor is both greater than the zonal mean (4.3 vs 4.9
gm/cmz) but also displaced northward about 10°. However, it is remark-
ably similar in general appearance and magnitude to the zonal mean. This

similarity is repeated at most longitudes.

The variation in the vertical for the zonal average of the absolute
humidity is shown in Figure V-3. The units are gm/m3. Again the distri-
bution is dominated by the temperature distribution found in the tropos-
phere. Regions of warm temperatures have higher values for the average
water vapor density. Equatorial regions are roughly one order of
magnitude more moist than polar regions at all pressures. The¥e is an

interesting asymmetry between the northern and southern hemisphere.
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Considerably higher values of water vapor density appear in north polar

regions as opposed to south polar regions.

Aiong 80° west longitude in the northern hemisphere, the cross-
section of annual mean p values is as shown in Figure V-4, This supports
the curve for precipitable water shown in Figure V-2. The maximum
values are displaced 10° to 15° north of the equator. Other than this

anomaly the values are similar to the zonal means.

Important for later discussions concerning the effect of water vapor
on earth observations are the two facts that 50 percent of the water
vapor is contained in the lowest 15% of the atmosphere (>850 mb) and 90
percent is found in the lowest half of the atmosphere (>500 mb). This
can be better seen in Figure V-5 which gives some zonally averaged
yearly profiles of absolute humidity for various representative lati-

tudes in the northern and southern hemispheres.

Figure V-6 presents the temporal standard deviations of the zonally
averaged absolute humidity. Here, a double lobed picture appears. The
zones of maximum variation in time do not coincide with the zones of
maximum humidity. In the northern hemisphere, the maximum occurs about
30°N. In the southern hemisphere, the maximum seems to be closer to the
equator, near 20° to 22°S. It should be noted, however, that the data
base for the northern hemisphere is much more extensive than the data

base for the southern and it is unclear how much the difference in the

86




"(8S61) A9I 8u3
woxry oJe eBEQ “Fwd /W oI s3ITUN “Spn3TUOT
*M 008 Suore xodea 133EM JO UOTINGIIISIP

TENUUE UBSW SY3 JO UOTIISS-SSOID [BUOTIPTIIAW Y “p-pA aand1j
370d
HOLYND3 o0l 002 o0t o0t 00§ 009 o0d 008 HL1YON
000I
8!
OOO:/'l\\.\

004 1

00¢ 1

g¢o
(gw/wb)
34NLIONOT LS3M

LN

008

qu

87



(1,61 ‘o3oxtad woxj poidepy) .mE\Em dIe situUfn
“(8S61) ADI 9yl 103 A3TpIumy 2In[osqe paderane
AI1eUOZ 8yl JO UOTINQTIIISIP [BITIIDA 9YL ‘G-A 2In3T4

ui/wb d u/wb d
2 02 9 el 8 4 0 v2 02 9l r4| 8 4 o)
i ] A ooo_ i N i LO A AO ooo_
~0€8 0S8
F004 2t00L
JYIHASINIH JYIHISINGH
NY3HL¥ON g 00€ NY¥3HLNOS F00¢S

Qu) d (@) d

88




(6961 ‘ueo)d|y pue ‘03l0XTdd ‘Iaels woxj
paidepy) - (8S61) A9I 9yl woly aie eieq
"ew/wd 3o situn ur (d)o L3TPTUMY 33INTOSQE
3yl 3O uorlelAsp pJepuels jerodway padexaae

(s£0)

AT1eUOZ 3Y3l JO UOTIIIS-SSOID TBUOIPTIAUW Y *9-A dand 1]
HlY¥ON 30NLI11Y7 HiNOS
0§ Ob O 02 Qi o] ol oz oOf o¢ 8 09 O. o8
— — — _' — v v q— v — v —< — <- ooo_
(°s)

L't) () (£?) (£2\(2) [enked(Le) Q A_.
Se 0g (£

\\ ) (v
. 098

cmv t.ﬁ (re) (91) :; :.o

N’

(2) (12) k1?) ss (re)

(@ Nv : 004
oz
/n.
0 |
(99°0) \ (sero). \ "(tro) -1 oos
gW/wb (d)yo qu

89



hemispheres is due to data deficiencies in the southern hemisphere.

From purely meteorological reasoning the differences appear to be real.
The variability in lower middle latitudes is not surprising because it
is in this region that air mass changes from one moisture condition to

another take place most frequently.

The spatial variability of precipitable water averaged over one
year over the northern hemisphere is shown in Figure V-7. The distri-
bution reflects the influence of the temperature field, the large scale
circulation systems, especially as they relate to convergence and diver-
gence of the flow in the lowest part of the troposphere, and the topog-
raphy. High plateaus and mountains tend to be above the warm moisture
laden air and therefore less precipitable water exists above these

regions on the average.

Some of the features in Figure V-7 are important to note. Most
obvious and already brought out in previous figures is the general
equator-pole decrease in moisture. Continental regions, which are the
sources of arctic air masses, show up low in moisture content (e.g.,
Siberia). The east end of semi-permanent high pressure regions are
lower in moisture than their western counterparts corresponding to
the notion of descending diverging air in the eastern parts and ascending
converging air in western parts of these features. Maxima occur over

the equatorial regions of South America and the western equatorial re-
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gions of Africa, as well as over the southern part of India and the

waters surrounding this part of the subcontinent. An arm of moisture
extends up the east coast of Greenland perhaps as a result of the North
Atlantic Drift. Desert regions are plainly low in moisture as evi-

denced by the Sahara (northern Africa), the Kalihari (southern Africa),
and the Great Victoria Desert of Central Australia. Topographical
influences occur in the western U.S., the west coast of South America, the

Tibetan Highlands, and the Central Highlands of Mexico.

For our present purposes Figure V-7 illustrates the long term,
large scale, spatial variability of atmospheric water vapor in the

northern hemisphere.

Figures V-8 and V-9 give some idea of the seasonal variability of
of precipitable water in the northern hemisphere. They are the summer
and winter equivalents to Figure V-7. The important differences to.
note are the general increase of water vapor everywhere during the summer
period. This is reflected in the seasonal zonal averages as shown in
Figure V-1. It also should be noted that there are no dramatic changes
in the patterns from summer to winter. That is, dry areas remain dry

and moist areas generally remain moist.

The southern hemisphere yearly mean precipitab]e water distribution

is shown in Figure V-10. As in the northern hemisphere the patterns are
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Figure V-8,

The mean distribution of precipitable water in
vapor form over the northern hemisphere during
summer. Units are gm/cm2. Data are from the
IGY (1958). (Peixoto, and Crisi, 1965.)
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Figure V-9.

The mean distribution of precipitable water in
vapor form over the northern hemisphere during
winter. Units are in gm/cm2. Data are from the
IGY (1958). (Taken from Peixoto and Crisi, 1965.)
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greatly influenced by the presence or absence of land. Patterns over
water areas show a marked skewness tcward the western boundaries of

of large land masses. The most obvious example of this being on the
west coast of South America. There is less data for the southern hemis-
phere but the large areas of water where data is scarce would be ex-

pected to show uniform conditions as are depicted in the Figure.

The summer and winter distributions of water vapor in the southern
hemisphere are depicted in Figures V-11 and V-12, respectively. The
poleward trend in the isolines during summer and the equatorward trend
in winter is similar to the northern hemispheric patterns. Again dry

areas generally remain dry and moist areas moist from winter to summer.

(2) Synoptic Scale Variations

When we speak of synoptic scale disturbances we mean the scale upon
which weather systems develop and move - of the order of 1000 to 2000
kilometers. The variations between the moisture contents of juxta-
posed'air masses are those which concern us. From Figure V-6 it can be
seen that Ehe major variability occurs in lower middle latitudes and
subtropical latitudes. The most contrast occurs when dry arctic or
continental polar air masses move equatorward to mix with moist tropical
air masses moving poleward. The contrast in absolute humidity across
these air masses is greatest near their common border because of the

moisture carried aloft in the strong vertical motions. However, the
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Figure V-11.

The mean distribution of precipitable water
in vapor form over the southern hemisphere
during summer. Units are gm/cm2. Data are

from the IGY (1958). - (Courtesy of Dr. J.P.
Peixoto, M.I.T.)
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mean moisture in the air masses is less than these extremes. The presence
of widespread cloudiness is indicative of saturated moisture conditions

at the cloud levels. Extensive clouds, however, are often part of
overrunning conditions along a warm frontal zone and exist over

only a small area along the border between the two air masses.

The maximum precipitable water vapor for a well defined air mass
appears to be about 5.5 to 6 gm/cm2 and this occurs only in very warm
tropical latitudes. Extreme values occur over the Bay of Bengal, central
South America, Southern India, Central Africa and various oceanic

regions along the equator.

As examples of the annual and seasonal mean conditions one can expect
on the synoptic scale size Figures V-13, V-14, and V-15 are presented.
They give conditons over the African continent for the year, the summer
season and the winter season. Again, close inspection shows that the
maximum seasonal difference is no more than approximately 29m/cm2
maximum and that normally the difference is much smaller. Fer the
African continent these maximum values occur about 25°S between the

continent and the island of Mozambique.

The precipitable water in vapor form as deduced by the U.S. Weather
Bureau on 16 June 1969 is shown in Figure V-16. This is a maturing
extratropical storm which is still centered in the Gulf of Mexico and

therefore has an excellent source of water vapor to draw from. The
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Units are gm/cmZ. Data are from IGY

The mean distribution of precipitable water in
(Peixoto and Obasi, 1965.)

vapor form over the African continent in
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Figure V-14.
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maximum value of the isoplethof precipitable water is 3.82 cm (1.5
inches) and one can expect that nearer the center of the low pres-

sure area, the precipitable water vapor exceeds 4 cm.

The minimum value occurs out in the Midwest and is more than
one order of magnitude less than the maximum over the Gulf. The
Jowest value reported was 0.36 cm (0.14 inches). Therefore, even
for a situation which has not been chosen for its uniqueness, the
contrast over synontic scale distances exceeds three centimeters of

precipitable water.

The time scale for changes in water vapor as large as those
represented by the maximum and minimum in Figure V-16 is on the order
of 1 to 2 days depending upon the vigor and speed of frontal move-
ment. Typically, one can expect changes of 1 to 2 gm/cm2 in periods
as short as 1 to 2 hours for a fast moving cold front. Changes
occurring ahead of a warm front may take, in contrast, from 6
'

hours to one day to change from a dry cool air mass to a warm

sector type air mass through the process of overrunning.

As one more reference point, the maximum precipitable water measured
over Boston in the summer of 1965 was 4.2 _qm/cm2 , the least was 1.2 gm/cmz.
For the winter of 1965-66, the maximum was 3.5 gm/cmz, the minimum 0.3

gm/cmz. The averagé difference between contiguous air masses which
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moved over the Boston area was of the order of 2 to 2.5 gm/cmz. The

general conclusion is that the maximum contrast or variability of the
water vapor between air masses appears to be of the order of 3 to 4 gm/cmz.
Generally, however, the variability between adjacent air masses must be
considerably below these values because many air masses away from equa-

torial zones simply do not contain this amount of precipitable water.

(3) Meso- and Microscale Variations

Rs one examines smaller and smaller scale sizes, the maximum pre-
cipitable water approaches the theoretical maximum which the atmos-
phere can hold, which is a saturated condition from the surface upward.
For the Arctic Supplemental Atmosphere, (see Valley, 1965) this theo-
retical maximum is approximately 0.38 gm/cmz. For the U.S. Standard
Atmosphere the value is approximately 2.6 gm/cmz, and for the Supple-

mental Tropical Atmosphere, the value goes as high as 6.1 gm/cmz.

For similar reasoning the absolute humidity encountered will also
approach a maximum as the scale decreases only being limited by
the absolute temperature. In many thunderstorms, saturated condi-
tions exist at temperatures as high as 20°C. The water vapor
density can therefore be as high as 20 to 25 gm/m3 on the scale of
these cloud formations. The highest recorded absolute humidity is

~30 gm/m3 corresponding to saturation at about 24°C (Valley, 1965).
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The data, as presented so far, takes into account only water
vapor in the troposphere and even then only in the lower part of the
troposphere. Some attention should be given to the water vapor distri-

bution above these levels.

The mixing ratio at the surface of the earth in midlatitudes is
of the order of 10 to 20 grams of water vapor for every 1000 arams of
dry air. The general trend is to have decreasing mixing ratios as
one ascends, partially because of diminishing temperatures, and partly

because the source for atmospheric water vapor is at the surface.

Few measurements of stratospheric water vapor exist, but from
those which do appear to be valid, the mixing ratio in the lower
stratosphere has been shown to be of the order of 2 to 3 parts per
million (Mastenbrook and Purdy, 1969). That is, for every 1000
grams of dry air, approximately 2 or 3 x 10'3 grams of water vapor
exist, about two to three orders of magnitude less than at the sur-
face. The stratosphere appears to be very dry. Only a few measure-
ments have been taken to establish the spatial and temporal variations
in the stratosphere. They do not, as yet, show much variability from

the values quoted above.

In order to bring some complete picture toaether out of the dis-

cussions about precipitable water. vapor and its temporal and spatial
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variations, Figure V-17 is presented. It is an attempt to establish

some link between scale size and maximum precipitable water vapor,

and between scale size and maximum variability over a distance of two

scale sizes. It is hypothetical in the sense that no carefully pre-

pared set of statistics back it up. It is drawn wholly from the information
presentgd so far and the experience which the authors have had developing

and working with atmospheric models.

B. Coupling Considerations Between Microwave Energy and Atmos-
pheric Water Vapor
Before we attempt to combine the theoretical results of Chapter II,
with the summary of the world wide water vapor distributicn statistics
as given in part A of this chapter, it will prove useful to review some
important considerations about the coupling between the water vapor

distribution and microwave energy.

(1.) Weighting Functions

A most useful concept is the weighting function. It can be defined
in a number of ways, but perhaps the simplest is that for water vaoor

absorption given by:

. (VspsTsp)
WF, = YHe0 Ve dB(gm/m3)~Tm-1 (5-1)
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HF] is the designation for this weighting function, YHZO is the
absorption coefficient in dB/m for some frequency and set of atmos-
pheric conditions, and p is the water vapor density in gm/m3. Essen-
tially, it is the absorption per unit water vapor density per unit
length, typically given in decibels per gram per cubic meter per meter
(BB (gm/m3)-Im=1). It is the absorption which a layer of water vapor
one meter thick would cause at a density of one gram per cubic meter at

ambient pressure and temperature.

There is a second order effect of water vapor on its own broadening
parameter, hence there would be slight differences in WF, for the same
pressure and temperature if YHZO were measured at different water vapor
densities. However, the difference is so §1ight as to be unimportant

in most applications.

By the definition of WFy for the particular atmospheric conditions
which defined szo as a function of height, then the total opacity

can be written as

t(v) = fg WF, 0 dz (dB) (5-2)

where WFy is in dB(g/m3)~! m~! , o is in g/m® and z is in meters.

The shape of the WFy curve as a function of height differs depending
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upon whether the frequency chosen is on the resonant frequency of
a water vapor transition, near a resonant frequency, or somewhat
removed from such a resonance. The characteristic shapes of these

three spectral regions is shown in Figure V-18 taken from Gaut (1967).

The curve for 22.235 GHz is exactly on the. lowest water vapor

rotational transition resonant frequency. wF1 for this condition is

proportional to 1/P and therefore increases monotonically as pressure
decreases. The curve for 19.00 GHz is far enough removed from the
resonant frequency to show the characteristic non-resonant behavior,
that is a direct dependency upon pressure. Therefore, WF; for this
frequency decreases monotonically with the pressure. The curve for
WFy at 21.900 GHz shows a characteristic maximum. This occurs be-
cause of competing effects. Below the maximum the resonant effect,
proportional to 1/P, is dominant. Eventually the line narrows so much
as pressure decreases that the spectral region becomes essentially

a non-resonant region and decreases in direct proportion to the
pressure. The height of the maximum is a function of frequency. The

vertical width of the half amplitude points is typically 10 to 15 km.

The utility of the weighting function concept depends considerably
upon its stability from atmospheric profile to atmospheric profile. NF]
happens to be very stable as shown in Figure V-19 for a frequency of

19.0 GHz. If a mean value were chosen among the atmospheres represented,
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Figure V-18. Weighting function WF; for absorption versus
height for 19.0, 21.9 and 22.235 GHz.
Values have been normalized. (Gaut, 1968)
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Figure V-19. The stability of the weighting function WF,
at 19.0 GHz for various standard atmospheres
over the earth. (Gaut, 1968)
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the surface variation would be the greatest and would be less than ¥5%.

If the extreme Arctic atmosphere is removed, the variation is approximately

#1%. The atmospheres are those given in Valley (1965).

A second weighting function which relates the emission of noise
energy by atmospheric water vapor to atmospheric conditions is that one
which measures the contribution of a unit thickness of unit density
water vapor at some ambient condition to the energy received by a
radiometer at the ground viewing the zenith. We will call this weighting
function WFp and define it as follows for those regions of the spectrum

in which the Rayleigh-Jeans approximation may be applied:

Y -T\) (Z,O)
W, = Tar (2 H,

o] (Z)

0 (z)e

(5-3)

in which WF, is the weighting function for energy received at the

receiver on the surface usually given in °K (g/m3)-] m) , 1aT is

atmosphereic temperature in °K, YHZO is the absorption coefficient
in dB/m, p is water vapor density in g/m3 and <(z,0) is the in-

tegrated opacity in nepers between the level z and the surface.

This weighting function NFZ js a measure of the emergy emitted
by a unit density, unit thick layer of water vapor at a temperature
and pressure at some height, diminished by the absorption between

that layer and the surface. Because it takes into account the absorption
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beneath it, this weighting function is more sensitive to the actual

water vapor distribution in the atmosphere than WF,. However, the
general shape of WF, is remarkably similar to WF, in regions of the

spectrum which are mostly transparent. Such a transparent region

extends everywhere below 40 GHz.

Figure V-20 gives the weighting functions WF, for the same fre-
quencies as used to illustrate WF,. The reason for the similarity

is that to first order, the emission is proportional to TATYHZO’ the

temperature of the atmosphere multiplied by the absorption coefficient.
Since the percentage change in temperature is small the shape conforms

to the szo curves. The stability of the 19.000 GHz curve over different

atmospheric conditions is depicted in Figure V-21.

The usefulness of WF, does not diminish as opacity increases.
Since the weighting function for absorption does not depend upon any
conditions outside the layer under consideration, the linear dependence

of total absorption on pHZO remains within very wide bounds.

The same is not true for WFZ. Because increasing opacity affects
the percentage of energy reaching the radiometer from any given layer,
the whole concept of WF, rapidly loses its invariance and becomes useful
only for a given set of water vapor, temperature and pressure conditions.

As an example of the drastic changes in the geometrical source region of

114




30ﬁ1

22.23%5

25 4

HEIGHT
(KM)

204

104

o $ + +

o 0.25 0.50 0.75 10

WF, WEIGHTING FUNCTION (Relative Units)

Figure V-20. Normalized weighting function WF, for a zenith viewing
radiometer at 19.00, 21.90, and 22.235 GHz as a function
of height in the U.S. Standard Atmosphere. (Gaut, 1968)
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energy received by a surface radiometer, Figure V-22 is presented. The
frequency is on the resonant peak of the second lowest rotational line
of water vapor at 183.310 GHz. In progressively more moist conditions
the energy received is confined more and more closely to the immediate
vicinity of the radiometer, reaching a minimum in the tropical example
in which 90% of the energy is received from less than 125m. In the
arctic atmosphere the integrated water vapor is approximately 0.30
gm/cmz; in the midlatitude atmosphere approximately 2.0 gm/cmz; and

in the tropical atmosphere approximately 4.2 gm/cm2. The total opacity

for each of these atmospheres at this freauency is approximatelv 16 dB,

96 dB and 212 dB respectively.

If one looks from space toward the earth's surface in frequency
intervals which exhibit large opacities, one sees only part way into
the atmosphere. The absorption is so great that one sees radiation
only from the top part of the atmosphere, and for the frequencies near
183 GHZ this means above the stratopause. Figure V-23 shows the
brightness temperature as a function of frequency for two atmospheres:
the Tropical Supplemental, and U.S. Standard Atmospheres both with
mixing ratios of 2 x 10-6 g/g in the straosphere and mesosphere. The
radiation in each case essentially originates in the 60 to 66 km re-

gions. The coldest temperatures originate at the highest altitudes.
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Figure V-22. The percentage of total energy received by a
zenith viewing radiometer height at 183.310 GHz
in several standard atmospheres. (Gaut, 1968)
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Figure V-23. The brightness temperature as seen by a satellite
viewing the nadir based radiometer in the vicinity
of the 183 GHz line in a tropical and midlatitude
atmosphere. (Gaut, 1968)
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(2.) The Relationship Between Water Vapor Variations and

Variations 4n The Energy Received by a Radiometer

The weighting function concent is useful, with the restrictions
already mentioned, to now analyze the actual origin of the eneray
which a radiometer receives from a hypothetical water vapor distribu-
tion and the expected coupling between variations in atmospheric water

vapor and signal variations at the radiometer.

The weighting function curve is derived from unit water vapor
density everywhere. The actual atmosphere, of course, normally dis-
tributes water vapor more like an exponential function so that
actual energy received at frequencies removed from resonances is
even more restricted to the Towest levels of the trooosphere. Fiaure
V-24 gives the example of WFp at 19.0 GHz multinlied by the equatorial
distribution of water vapor density from Figure V-5. The result
emphasizes the dominant role of the lower troposphere; more than

50% of the signal is received from below 1.5 km.

With the curve of (WF, x p) in mind, one can easily visualize
the influence of fluctuations in water vapor at anv level in the at-
mosphere. The area under this curve represents the total enerav
received by the radiometer, call it A. If, for example fluctuations

as drastic as one hundred percent occurred in the two to three
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kilometer layer the fractional change in surface signal would be
proportional to a/A where 'a' is the area between the ordinate values
2 and 3 km and the curve (WFp x p). In the case illustrated by Fiaure
V-24, if 'A' is equal to unity, then 'a' is equal to 0.15. Since the
signal for this example is 23.4°K, the variation caused by the one
hundred percent fluctuation between 2 and 3 km is ¥3.5°K, and easily

measurable variation.

In conditions in which the opacity is high, the simple aoproach
outlined above is not applicable. In that case, any change in water
vapor on any level will influence the radiation which originates above
that level. The only sure analysis of signal fluctuations is to compute
in detail the signal and weighting function for both normal and per-
turbed conditions. Further, since the coupling in the high opacity
case is so complete, differences in temperature cannot be ignored, as

brought out in Figure V-23.

(3.) The Effect of Viewing Geometry

Not only will the degree of coupling, that is the opacity, affect
the signal variability for a given set of water vapor conditions, but
so will the viewing geometry. For exactly the same set of water vapor
variations and radiometer design, different signal variations will be

evident.
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To illustrate this difference refer to Figure V-25. Because the
bulk of the water vapor is found in a layer only several kilometers
thick, there is a drastic difference in the volume sampled by an up-
ward looking radiometer from the surface and a downward looking
radiometer from space. A radiometer with a 3° beamwidth looking up
sees, at the 5 km level, a circle approximately 250m in diameter. A
down looking radiometer from 160 km sees a spot 8 km in diameter at
the surface. The smoothing effect for water vapor variability is

very pronounced between scale sizes of 250m and 8 km.

C. Representative Absorption and Noise Energy Comoutations

The information so far presented on water vapor and water vapor
spectra can be utilized in a number of ways. In this part of the

chapter, several examples of what can be done are presented.

(1) Atmospheric Water Vapor Spectra

Basic to all computations is the requirement to compute atmospheric
spectra for various atmospheres and water vapor distributions. Fiqure
V-26 presents the opacity of the atmosphere in decibels as a function
of the frequency in GHz. The atmospheres and water vapor distributions
correspond roughly to the mean annual zonal average of water vapor
taken from Figure V-1 at the equator (4.5 gm/cmz), at 30° from the

equator (2.5 gm/cm?), and in the polar regions (0.5 gm/cm?) .
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Figure V-26. The opacity due to atmospheric water vapor

between 10 and 350 GHz for 0.5, 2.5 and 4.5
gm/cm2, corresponding approximately to mean
zonal values at 0, 30°N and 90°N.
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If we first examine the spectrum up to 300 GHz, the nominal limit
for microwaves, several features can be seen: (1) the maximum opacity
attained is on the peak of the 183 GHz line and exceeds 200 dB for the
tropical case; (2) the minimum between the 22 GHz and 183 GHZ line
occurs between 29 and 35 GHz and ranges between 0.03 and 0.3 dB;
the minimum between the 183 GHz and 324 GHz 1ine occurs in the region
of 210 GHz to 225 GH2 and exhibits opacities between 1.5 dB and

approximately 13 dB.

Above 300 GHz the minimum value expected is at 300 GHZ. In the
arctic case the opacity computed is 3 dB. In the tropical case at

300 GHz, the value increases to well above 20 dB.

A second useful means of presenting atmospheric absorption
data can be made for a particular geographical location. Fiaure V-27
presents such data for La Jolla, California. For this information
one year's worth of radiosonde data was analyzed for the water vapor
statistics, and the absorption statistics computed from these statistics.
The curves show the mean absorption and the one sigma limits about this
mean for water vapor absorption alone. The contribution of clouds or
oxygen were not included in these curves. Clouds will be discussed in
the next chapter. It is interesting to note that the mean and the
one sigma curves do not vary much from the arctic, midlatitude, and

equatorial curves of Fiqure V-26.
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Rather than presenting absorption data with fixed water vapor and
variable frequency, the frequency can be held constant and the water
vapor varied. Figures V-28 and V-29 are plots using this latter format.
Figure V-28 presents atmospheric opacity t as a function of nrecipi-
table water W at various frequencies for a mid-latitude atmosphere.

The plots show up as curves on the log-Tinear plot but in reality
are quite linear with W. The 1og-iinear plot was used in order to

display all of the frequencies.

Figure V-29 plots the total brightness temperature due to water
vapor alone for zenith viewing radiometer. This last point should be
emphasized. In addition to the contribution which is shown, absorption
due to oxygen must be added. For the frequencies chosen oxygen is
relatively important only at 12 GHz. For those frequencies for which
the atmosphere remains mostly transparent, the curves of Tg versus W
are quite linear in precipitable water. At those frequencies which
are more opaque the brightness temperature approaches the mean temper-
ature of the atmosphere and saturates. At the highest frequencies,

only miniscule amounts of water vapor do not produce saturation.
The frequencies displayed on Figures V-28 and V-29 were chosen

to represent window and resonant peaks of the region between 10 GHy

and 324 GHz. 12 GHz is well below the lowest rotational line;
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Figure V-28. Atmospheric opacity due to water vapor alone
versus precipitable water in vapor form for
12, 22, 32, 97, 182, 222 and 322 GHz.
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Figure V-29.

Atmospheric brightness temperature due to water
vapor alone of a zenith viewing radiometer
versus precipitable water in vapor form for

12, 22, 32, 97, 182, 222 and 322 GHz.
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22 GHZ is near the lowest water vapor resonance (22.235 GHz);

32 GHZ is in the region of minimum absorption between the lowest line
and the next to lowest line (183.310 GHz); 97 GHz is near the minimum
absorption which occurs above the oxygen complex of lines near 50-70 GHy
but below the single oxygen line at 118 GHz; 182 GHz is near the

peak of the second lowest frequency water vapor line; 222 GHz is near
the minimum value between the 183 GHz water vapor line and the two

lines near 324 GHz; and 322 GHz is near the peak of these last two

lines.

A final format for the presentation of atmospheric water vapor
radiation data is used in Figures V-30 through V-41. Its purpose is
to bring out the spatial distribution of absorption and noise energy
for mean conditions. It can be used for preliminary planning pur-
poses both for communication design and earth observations appli-
cations. In Figures V-30 through V-41 the northern and southern
hemisphere precipitable water distributions are translated into dis-
tributions of absorption and noise energy for the frequencies 12 GHg,
32 GHz and 97 GHz. At a glance one can get a feel for the range of

values to be expected and their distribution over the earth.

The maximum absorptions at 12, 32 and 97 GHz are 0.08, 0.4, and
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2.7 dB respectively. These translate into noise energies of 5°, 25°,
and 130°K, respectively. Patterns remain the same as the corresponding
precipitable water maps because at no time does the linearity seriously

breakdown between water vapor and y or T, at the fregquencies chosen.
H,0 B
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The mean annual distribution over the northern
hemisphere of total atmospheric opacity t
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(12 GHz)

Figure V-31. The mean annual distribution over the southern

hemisphere of total atmospheric opacity T

due to water vapor alone at 12 GHz, for a
zenith viewing radiometer.
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Figure V-33.
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The mean annual distribution over the southern
hemisphere of total atmospheric opacity T

due to water vapor alone at 32 GHz, for a
zenith viewing radiometer,

136

(32 GH2)

1958




The mean annual distribution over the northern
hemisphere of total atmospheric opacity Tt

-34.

Figure V

due to water vapor alone at 97 GHz, for a

zenith viewing radiometer.
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Figure V-35.
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The mean annual distribution over the southern
hemisphere of total atmospheric opacity Tt

due to water vapor alone at 97 GHz, for a
zenith viewing radiometer.
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The mean annual distribution over the northern
hemisphere of brightness temperature T

water vapor alone at 12 GHz.

Figure V-36.
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hemisphere of brightness temperature Tg due to
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The mean annual distribution over the northern
water vapor alone at 32 GHz.

Figure V-38.




Figure V-39.

K (32 GHz)

Yearly 1958

The mean annual distribution over the southern
hemisphere of brightness temperature Tg due to
water vapor alone at 32 GHz.
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hemisphere of brightness temperature T

water vapor alone at 97 GHz.

143



g due to

The mean annual distribution over the southern
hemisphere of brightness temperature T
144

water vapor alone at 97 GHz.

Figure V-41.




VI. THE VARIABILITY OF LIQUID WATER AND ICE IN THE ATMOSPHERE AND

ITS RELATIONSHIP TO RADIOMETRIC OBSERVATIONS

In this Chapter several topics related to radiometric observations
through clouds are discussed: First, the distribution of water and
fce in individual clouds is reviewed; second, the spatial distribu-
tion of these clouds on several scales is discussed; third, the
results of several theoretical and experimental radiometric studies of
clouds are presented; and fourth, the radiational characteristics of
the nine teen cloud models presented in Chapter IV are given at wave-
lengths from 10 u to 10 om.

A. The Distribution of Water and Ice in the Atmosphere

A discussion of the spatial and temporal distribution of liquid
water and ice in the atmosphere is more ambiquous than a similar dis-
cussfon of water vapor. The reason for this is that there have been no
systematic measurements carried out on a global basis to record 1iquid
and frozen water in the atmosphere. No economical method to easily
measure the water content of clouds has been available.

Because of the lack of quantitative information about the large

scale statistical distribution of cloud water content, it will be more

convenient to discuss the features of individual clouds and cloud forma-

tions first and then speculate as to how these are related to the
statistical patterns on a synoptic and planetary scale.

(1.) Ice Clouds
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Several forms of ice clouds exist. The most common are cirrus
clouds, the physical details of which were discussed in Chapter III.
The densitv of cirrus clouds usually does not exceed 0.Sq/m3 and
normally is less than 0.lq/m3. The thickness of cirrus can rance
from a few hundred meters to several thousand meters. It can be
found at many altitudes, but most consistently at and below the tropo-
pause.

The total precipitable water represented by cirrus is low. (A
cirrus cloud 5 kilometers thick and O.Iq/m3 averaae density would
contribute only 0.5 qm/cm2 to the total precipitable water.) The
effectiveness of cirrus as an absorber and scatterer at microwave
frequencies is reduced approximately one order of maanitude from the
same mass in liquid dropnlet form. (This can be seen by comparing
Fioures IT1I-16 and 111-17.) The importance of cirrus, therefore, to
microwave observations is not as great as the importance of liauid
water clouds. However, as one moves into the infrared reaion, say below
400u, cirrus rapidly becomes a verv important consideration to earth
observations.

There is a arowina body of information that cirrus occurs more
often and over greater areal extent than was suspected some years aoco.
Very thin cirrus which covers the dome of the sky many times cannot be
detected visually from the surface. However, discrepancies between the

radiance expected at the surface from water vapor and ozone above have
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led to at least one measurement proaram which gives credence to the
possibility that cirrus is more widespread than has been indicated
by visual observations (see Hall 1968).

Over the tropics extensive sheets of cirrus are very common
and are perhaps more normal than cirrus free areas. Cirrus associated
with frontal systems commonly cover areas with linear dimensions as
large as 2400 by 800 km. Transcontinental flights across the U.S. have
shown conditions where visible cirrus has existed over three au~rters
of the continental area (Vallev, 1965). Further, data from the SIRS
infrared temperature and water vapor sounding experiment on NIMBUS
has tentativelv shown that as much as 70-80 percent of the observations
are contaminated with clouds of one kind or another, much of which is
thin cirrus.

Snow and hail play a more uncertain role in the radiation picture
at microwave frequencies. Dry snow and dry hail have many of the attri-
butes of cirrus, being less effective than an equal amount of liaquid
water in absorbing and scatterina radiation. The exact role of snow is
complicated because no comprehensive theory exists which can riaorously
handle the complex geometrical shapes which occur in snowflakes.

When snow, or for that matter hail, beains to melt it becomes a
very complex multiple layered dielectric which can have a scattering
and absorption cross-section at least equal and probably greater than

water of equivalent drop size and mass. No attempt in this study is made
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to model these complex particles.

(2.) Stratiform Water Clouds

Gentle, uniform vertical motion over a wide area gives rise to
stratiform clouds. Their common names are related to their heiaht of
occurrence or other special identifying features. Stratus clouds are
usually low, very uniform, of medium density, and not too thick.
Alto-stratus clouds occur at medium levels (»2000 m) and many times comes
in multiple layers. They are an important source of uniform, continuous
rain and snow. Nimbo-stratus clouds are normally associated with warm
frontal conditions and produce heavy, continuous rain. FEach of these
tynes shows characteristic densities, drop size distributions and ranaes
of total precipitable water.

Liquid water densities as measured in clouds are reviewed in
Fletcher (1966). TableVI-1below is a condensation of the results com-
piled in Chapter 1 of that reference.

Tableyi-1. Cloud Liquid Water Characteristics

Measured
Cloud Type Average Liq. Dens. Aver. Max. Dens. Absolute Max. Nens.
Stratus 3 3 3
1. Strato-cumulus) 0.25 g/m 0.64 g/m 0.88 a/m
A1to-Stratusg
2. Alto-cumulus 0.14 n.37 n,70
3. Cumulus 0.38 0.91 1.1
4. Cumulo-nimbus 0.51 1.72 ~10.0

From the table one can see that stratiform clouds in general have

less averaqge liquid water density and a much more restricted ranqge of
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measured values than do the cumuliform type of clouds. These densities
immediately throw some light on the integrated amount of liquid water
to expect from stratiform clouds. If the average density of 0.25 g/m3
is taken for an example, then it requires a cloud of this average den-
sity ten kilometers thick to provide an integrated value of 0.25 q/cmz.
Contrast this with the average precipitable water in vapor form over the
globe of 2.6 g/cm2.

The drop size distribution for stratiform clouds has not been
studied as extensively as for cumuliform clouds. In general droplet
sizes tend to be larger in stratiform clouds, fewer in number, and more
spread toward larger drop sizes than cumuliform drop size distributions.
Figure VI-1 presents the results of one set of measurements on the droo
size distributions from different types of clouds on an arbitrary drop
number density scale. The curves are quoted in Fletcher but were pre-
pared by Diem (1948). Nimbostratus shows up as a broad distribution with
a broad maximum near 10y and a significant number of droplets out as far
as 40u. The mean fair weather cumulus curve shows a much more peaked and
narrow distribution. (It should be noted that the distributions depend
somewhat upon the samplina technique. No system known operates without
a bias toward some part of the size spectrum.)

Significant stratus clouds appear much more frequently in mid-lati-
tudes than in the tropics. Thev are characteristic of the large movinag

storms which are found most freauently in these latitudes. They can be
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hundreds of miles in extent. They will not, however, be of even thick-
ness and density over such large areas. It is impossible to accurately
correlate the visual image of a cloud sheet with its water content.
Infrared temperature measurements of the tops of clouds give some in-
formation in some cases but can only help to make a more intelligent
quess about the density and integrated value of the 1iduid water content.

(3.) Cumuliform Clouds

Cumulus type clouds originate from convective processes and there-
fore tend to be localized with primary development in the vertical.
They ordinarily show higher densities than stratiform clouds, much more
variability, and are the forms of clouds which produce the maximum in-
tearated liquid water.

The density of cloud liquid water in cumulus clouds, carefully
distinguishing this form from raindrops, is normally below 1 gm/m3, as
indicated in Table VI-1. Great variability, however, occurs within a cloud
in both the horizontal and vertical directions both in droplet concen-
tration and liquid water concentration. Generally, however, judging
from the work of Warner (1955) and aufm Kampe and Weickmann (1957) the
liquid water content in a cumulus cloud increases to within one or two
thousand feet of the top.

To provide some feel for the variabi1itv of the water content and

drop concentration through cumulus clouds Table VI-2 is oresented. It is
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abridged from a similar table presented in Squires (1958). The most
important points to notice from this table are that any model cloud -
which uses a single drop size distribution and a smooth or invariant
liquid water denSity will not conform to the observed facts. Never-
theless, the single distribution approach has already been adopted:

in Chapter IV for the cloud modeling as a matter of practicality. -
When one analyzes the effect of the variable drop size distribution, it
is apparent that two parameters which must be modeled correctly to
predict the microwave spectrum are the average liquid water content as
a function of temperature, and the concentration of drops in the size
range which causes scattering.

Maximum cloud liquid water concentrations occur in thunderstorms,
but from measurements taken in these clouds it is very doubtful that
rain can be separated from the cloud component. Cumulus congestus
clouds, which are clearly non-precipitating, have shown densities as
high as 6 gm/m3 (aufm Kampe and Weickmann, 1957). It is conceivable,
therefore, that the maximum density one can expect in cloud form is some-
where near 6 to 8 gm/m3.

The maximum precipitable water in cloud droplet form favors cumulus
clouds again because of their great vertical development. Thunderstorms
have been observed to too out above 20 km. If they hold one half the max-
imum liquid water density over the lower half of their vertical extent

and one eighth of this on the average in the top half, the total precipi-
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table water in cloud droplet form would be 5 gm/cmz. This would be in
addition to water vapor and liquid water in the form of raindrops.
This contrasts with values below 1 gm/cm2 for most stratiform clouds
even when they are raining.

(4.) Rain

Rain in the form of droplets above 100u and below 1 cm potentially
represents the greatest concentration of liquid water in the atmosphere.
However, it is highly variable depending upon the rain rate. Rain fall-
ing from thin stratiform clouds at a rate of several millimeters per
hour will have a density of approximately one-tenth gm/m3 (Crane, 1966).
Whereas, rain rates in the middle of well developed thunderstorms will
approach 300 mm/hr. (Valley, 1965) and exhibit water densities in excess
of 10 gm/m3. 25.4 millimeters 1 hour (1 inch) of falling rain in stagnant
air would mean a density of approximately 1.15 gm/m3.

The integrated water content in raindrop form in a vertical column
is highly variable. In stratiform clouds one would exnect less total
water than in cumulus clouds. A uniform 25.4 mm/hr rain from stratiform
clouds miaht expect to contribute 0.5 to 1 gm/cm2 of total liquid water
in a vertical column dJepending upon the deoth of the cloud and the vigor
of the updrafts. Through the core of a well developed thunderstorm as
much as 6 to 7 gm/cm2 of rain water can be suspended in the violent up-
drafts which are characteristic of cumulonimbus clouds.

The statistical global distribution of cloud liquid water and rain

is unknown. However, the distribution must be somethina 1ike that for
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water vapor shown in Figure V-3. The reasons are similar: warm moist
air is found,in general,closer to the equator anq at lower altitudes.
Therefore, when one finally averages in time and around lat{tude circles,
one should find more cloud and rain drops suspended in the atmosphere
closer to the equator and at lower altitudes. It is entirely likely,
however, that there will be some height at which the average suspended
water will be a maximum because of the fact most clouds do not intercept
the surface.

In an attempt to bring some of the numbers into focus about the
relationship between scale sizes of clouds, rain formations and the pre-
cipitable water retained in the atmosphere by these forms Figure VI-2
has been drawn. Like Figure V-17 it is an attempt to relate the expected
meximum precipitable water in the atmosﬁhere in cloud and rain drop form
to the scale size on which these maxima might be found. Like Figure V-17,
it is hypothetical and based solely on the information represented by
the references quoted and the experience of the authors in modelina clouds.

B. Radiometric Studies of Clouds

Several recent theoretical and experimental study programs concern-
ing clouds show results which are important to review for the present
purposes. They provide insights into three questions? (1) What is the
effect of height on the absorption and emission of clouds? (2) what
emission characteristics would a real extended cloud check exhibit?

(3) At what frequencies do different cloud types begin to become opaque?
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(1.) Cloud Weighting Function

To assess the dependence of cloud height on cloud absorption
Fiqure VI-3 is presented. It is taken from Reifenstein and Gaut (1971).
This Figure represents the vertical distribution of an absorntion
weightina function for frequencies below 50 GHz and which have
absorotion properties described by the Rayleigh absorption exeression

given in Chapter III. It may be expressed as

TP,
tc1oud ( A

WF3(x,2)= 19y neper (gm/cm

2)-1 (6-1)
in which wF3 is the weighting function for total cloud opacity at the
wavelength A and at the height z given in nepers (am/em2)-1, Tcloud
is the total opacity of the cloud in nepers at height z where the
temperature is T °K and the pressure P millibars, and W is the tontal
liquid water content through the cloud in gm/cmz.

The computation of Tcloud is discussed in some depth in Chapters III
and IV and it is shown there that the Rayleigh approximation is inversely
proportional to temperature. This shows up clearly in Figure VI-3. One
can think of the curves in the fiqure corresponding to the cloud opacity
abscisses as being the measured opacity of a cloud with 1 om/cm2 of total
1iquid water in the vertical moved upward throuch the atmosphere. At
each level, the cloud takes on the temperature of the surroundinos and
because of this has a different opacity at each level

The important points to notice are that: (1) at 19.35 GHz the range
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of values for a mid-latitude atmosphere is less than three, while at
40 GHz the range is a factor of five in the midlatitude atmosphere;
(2) the colder the cloud the more effectively it absorbs; and

(3) the effect is exaggerated for higher frequencies and for viewing
angles away from the madir.

The lower abscissa on Figure VI-3 is an adaptation of the weight-
ing function concent. If one assumes that the curves in the fiqure re-
present one neper of total opacity, then the scale at the bottom of
the figure corresponds to the total liguid water which would be needed
for a total opacity of one neper at the temperature found in the
model atmosphere at the height on the ordinate scale.

An example to {llustrate the information contained in Figure VI-3
is the following: If a cloud were found at the 5 km level, then at
40 GHz, if the cloud has a total liquid water content of 1 gm/cmz,
the total opacity is 5 nepers (21.7 dB), given by the upper abscissa
scale. If instead of assuminag that the cloud holds 1 gm/cm2 of 1iquid
water we assume that the cloud has a total opacity of 1 neper, then the
cloud holds 0.2 gm/cm2 of total water in cloud droplet form, shown on
the lower abscissa scale.

(2.) Radiometric Properties of Model Clouds

As an extension of the weighting function concept, Fiqure VI-4
from Reifenstein and Gaut (1971) is presented. Here the concept of the 1
neper (4.35dB) curves for cloud liquid water content are drawn again,

this time for 19.35 GHz viewing the zenith, 37 GHz viewing the zenith and
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37 GHz viewing at a 40° angle from the zenith. The equivalent total

water for the one neper opacity is given on the abscissa. Included on the

graph are representations of several of the cloud models given in Chapter

IV. The boxes include a range of values for liquid water content over a range

of heights. The purpose is to give some idea where clouds and rain become opaque.
This can be seen to happen for total liquid water conditions beyond about

0.3 gn/cm® at 40 GHz.
Another curve taken from Reifenstein and Gaut (1971) is shown in

Figure VI-5 and is shown as an example of what the emission from clouds do to
observations over a calm ocean at 288°k. The viewing angle is 40° away

from the nadir and two polarizations are evaluated at 30, 35, and 40 GHz.
Drastic saturation effects of the low lying stratus begin to show at

total liquid water contents beyond about 0.2 gm/cm2 corresponding to a cloud
with 2 gram/m3 average liquid water density 1 km thick. This is a heavy
cloud but not unreasonable. The conclusion is that low lying stratus

will remain mostly transparent below 40 GHz (<1dB) but probably cumulus clouds

will appear mostly quite opaque (>1dB).

A final set of curves from Reifenstein and Gaut (1971) are given in Figure
VI-6. These are derived by differentiating curves like those given in
VI-5 to obtain dTB/dw and multiplying by W. This sensitivity curves is
therefore given by
dr
S=¥ ..._B..
W (6-2)
Seversl features of these curves are interesting to note. First,

their amplitude depends only upon the contrast between the background
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atmosphere, for three frequencies, as a function of
cloud liquid water content. (Reifenstein&Gaut, 1971)

162




A.:mp .usmw % UL3]Suaylay) ZHD LS PUE ZHY SE'6T 3B JULIUOD
I193eM PINDbIT pnors ‘sa mp/°LP) guor3zdouny ayy *g-JA Ssandty

(gwd/wb) LN3ILNOD ¥3ILVYM QINDIT
8¢ be o'e 9’| 2’| 8 14 6]
v L] L T . ¥ T o I-’I’- L4 v L] L v
S Q
uolipnziiojod |DJUOZ|IOH //
8|buy e2uepIdU| LOb //
‘ZHO Lg \ I
\
/ -
\ [

\ \ _.
\
UoJ§DZ|4Dj0d  [DII4IA __ ’

e|Bbuy eduepIduU| 0O

‘ZH9 Gl o{buy eouepidu| ,Ob . 1]
‘zHe 2¢ |\ !
U
LN3ILNOD H3LVM qQINDIT 4no1d
‘8A i

ALIAILISN3S
ANLVHIdNIL SSINLHOIME N

Ol

0¢

(0} 4

(Mp 7a1p)-M

(Mo)

163



brightness temperature (sky or surface) and the saturated temperature
of the cloud. Second, the width of the curves depend only upon the
frequency chosen, the viewing geometry, and the saturation temperature
in a very simple way. The peak of the curves occur at total liquid
water values which are exactly one half the values which cause 1 neper
opacities.

The sensitivity curves are very useful to determine the properties
of clouds which a given radiometer confiquration can "see". Three
properties can be determined: (1) the minimum 1iquid water content
which can be detected; (2) the maximum liquid water content for which
a 100% change can be detected; (3) the minimum percentaqe change in
1iquid water which can be detected for any given total liouid water.

For an example, consider the followinq: a radiometer has an
over-all system noise fluctuation of 20 K. A signal to noise ratio of
5 is needed to determine 1iquid water content of a cloud. Therefore a
10° change in signal is required. For the 19.35 GHz curve in Fiaure VI-6,
the 1iquid water which initially gives a 10° signal is 0.16 qm/cmz. If
one moves across to the right side of the 19.35 GHz curve where it again
intersects the 10° ordinate value, at about 2.6 qm/cmz, this is the last
value for which a 100% or greater change in the water contenct can be detected.
Finally, one can determine what water content change can be detected for
a given total water content by the following analysis: Using 0.4 gm/cm2

as the total water content for an example read a value of approximately
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50° change for a 100% change of water content. Therefore, if 10° is
the needed change for detection, then one fifth of a 100% change in
the watér content is detectable or 0.04 gm/cmz.

(3.) Radiometric Observations of Oceanic Clouds

In order to give some insight into actual radiometric measurements
of clouds over an ocean surface Fiaure VI-7 has been included from
Gaut and Reifenstein (1970). It is a trace from the output of a 19.35
GHz radiometer viewing the nadir from the NASA Convair 990 aircraft.
Figure VI-7 is from a flight over the Gulf of Mexico which included a
flight path which carried the airplane over a cumulonimbus buildup.

Case 1 is over very low patchy stratocumulus and represents values
very close to clear conditions over the ocean. Case 2 represents a
building cell probably in the cumulus conaestus stage. The cloud was
modeled to have a vertical extent of 7000 feet and an average densitv
of 6 gm/m3. The inteqrated water content was computed to be 1.38 qm/cmz.
This latter number is probably more accurate than the average density and
thickness, which combination gives the intearated value. Measurements
of the cumulonimbus gave brightness temperatures which were close to if
not at saturation temperature for the cloud (270%). Scatterina processes
were no doubt important and therefore the recovery of liquid water content
is doubtful.

The trace at the top of the Figure is the temperature measured by

an infrared radiometer viewing in the 10-12y window. Flight levels,

165




(o1 2] R A4l 1 24 vbol
ov 02 0 ov 02 o ov 02 o} ov 02 0 ov 02 0 ov 02 o ov 02 0
4 L i L ) J v A J L 4 T ] | L] 1 ¥ L | i | | v L] ON
INIL a
WASTYEERIE
(29 NNP 9) ISPI-bebl 2GI AV ‘€l LHOITd 40P
‘SN0 409
¥3A0 38 07N0D
y3awvm ¥3A0  Jop
6 '9¢€ O'LE 8 'GE n9'GE
3 opw -1
402!
{ov!
- Joo
IH9 GE' 6l
08!
C { 3SVI
- .FS
['}
4022
¢ 3SvD
4oe2
\/r\/ll.\//l nzi-ol
.I//\ 4092
A \
el N NA A ]
T4 g Pl 08732
—_—
- ~ 3un W\:u 0o¢
HNiIvY3dNIL 4
€ 3Sv)

166




ambient temperatures, and certain remarks are included in the bottom half
of the graph. Time of observation and therefore distance is the abscissa,
brightness temperature the ordinate.

C. Absorption, Scattering and Other Characteristics of the

Clouds in the Cloud Cataloque

There is no way to summarize the effects of clouds on radiometric
observations from space in the same convenient world wide map format as
presented in Chapter V for water vapor. The next best arproach in our
opinion to this is to establish many representative types of clouds, as
was done in Chapter IV, and aive enough data so that if the clouds of a
region are known, somethina can be said about their radiometric charac-
teristics.

In Appendix C, all of the nertinent scatterinc and absorption data
pertainina to the 19 cloud models introduced in Chanter IV are summarized
layer by layer. From this information the absorntion and scatterina be-
havior can be plotted if desired, as a function of wavelenath from 10 cm

to 10 u. Of particular interest will be the scattering and absorption
depths as a function of wavelength because this curve will establish
where the onacity of a aiven cloud confiauration becomes too areat for
a aiven observational purpose.

The information included in the tables of Appendix C are computed
at a temperature of 298°K because, even though the dielectric constant
of pure water is known at microwave wavelenqgths as a function of tem-
perature, this is not true at infrared wavelengths. To be consistent

therefore, the whole spectrum was computed at 298°K.
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VII. CONCLUSIONS AND RECOMMENDATIONS

The most important conclusion from this report is that we now
have the tools and understanding to model the majoritv of conditions
which occur in the natural atmosphere for their radiational nroperties
over the spectral reqion 1 cm to about 200 u. Linked to accurate
statistical information about the atmosohere, excellent pnlanninag in-
formation can be cenerated for any purpose: communications, earth
observations, or noise eneraqy.

The outstandinag weak points are: (1) a lack of definitive data
for the complex index of refraction for ice as a function of temoera-
ture, especially in the middle infrared reqion; (2) lack of experimental
data for the water vapor spectrum at wavelengths shorter than 300 microns;
(3) a lack of statistical information about the distribution of liauid
water and ice suspended in the atmosphere over the gqlobe, or for that matter
over a single aeoaranhical location; and (4) lack of extensive correlative
information linkina cloud types and characteristics with cloud water con-
tent.

Recommendations which would further our knowledae in this aeneral
area of absorption, scatterina and emission by the atmosphere are em-
bodied in the followina thoughts:

1. Experimental work could be nrofitably devoted to
estahlishing the index of refraction of ice over
the entire spectral recion of 1nteresf at represen-

tative temperatures found in the atmosphere.
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Careful laboratory experiments to establish the
validity of the computed absorption coefficient
beyond 1000 GHz are needed.

Field measurements at one location with a water
vapor-cloud radiometer to establish a statistical
1ink between cloud type and cloud water content
would be very useful to begin the job of aather-

ing cloud opacity data world wide.

Careful studies of the simultaneous cloud water
content measurements, infrared and visual images
from NIMBUS E and F would be a very useful study

to perform.

In the time between now and launch of NIMBUS E

there should be an optimum method developed to invert
the water vapor-cloud data from MIMBUS E.

Conversion of the M.1.T. Planetary Circulations
Library data on atmospheric water vapor to a more
detailed analysis of the statistical attenuation
properties of various regions and the globe should
be done for more accurate plannina purposes.

The theoretical methods developed in this study should
be continued in detail, from where they now have been
carried on out to 10 u, establishina or identifying

optimum band models which are economical in computer
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time for the infrared part of the spectrum.
The needs of NASA should be established for
the type of information which can be generated
by the methods outlined in this report and
exact procedures established to compute the

needed information.
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APPENDIX A

WATER-VAPOR ROTATIONAL SPECTRAL-LINE PARAMETERS

The following table contains the constants used in Eq. 2-5 of
Chapter II for the computation of the water vapor rotational spectrum
to 1350 GHz. The values tabulated are those compiled by Gaut (1968)
for the 54 lowest frequency lines of water vapor. The line designa-

tion is given in column 1 in the J notation (e.g. the 5

K-1,K+1 2,37
6 transition is designated 5-2,3 -+ 6-1,6). Column 2 contains the

1,6

line frequency in GHz, column 3 the parity used for the determination
of the factor g of Eq. 2-5, which is 1 for '"EE00' §&'"OOEE"&-3 for '"EOOE"
or "OEEQ" parities. Column 4 gives the line strength sij’ columns 5

and 6 the lower and upper term (energy) values Ei’ Ej’ and column 7
the line width in air used in Eq. 2-11 for the determination of the °*
spectral line width. The linewidth in water vapor given in column 8

is used for the computation of the factor a in Eq. 2-11 by the follow-

ing (see Gaut, 1968):

(A-1)

a = 0.00460 [ (Av)o

(vy o) ) 1]

Finally, column 9 contains the exponent describing the temperature

dependence of the linewidth in Eq. 2-11.
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APPENDIX B

CLOUD MODEL DISTRIBUTION FUNCTIONS

The Deirmendjian (1964) distribution functions for the cloud
models tabulated in Chapter IV are given on the following pages.
For each cloud model, the parameters are tabulated layer-by-layer,
followed by a log-log plot of the distribution functions. The base
and top height are given in meters in columns 1 and 2, the mass
density in column 3, followed by the mode radius, and the shape
paraméters C1 and C2 in columns 4 to 6. Colum 7 indicates the
composition of each layer, as liquid, rain, or ice. The symbols used
to trace the distribution functions in the computer-generated plots

refer to the layer numbers of the model.
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APPENDIX C

COMPUTATIONAL RESULTS FOR CLOUD MODELS

The unit-volume absorption and scattering properties of the
cloud models of Chapter IV have been computed using the theory devel-
oped in Chapter III. The computation procedures are embodied in the
"Radiative Absorbtion and Scattering Program'" (RASP) written for the
IBM 360 computer. At each given wavelength, the program evaluates
the Mie efficiency factors over the range of drop-size parameters
0.01 to 50 (Figures III-3 through III-11 and, III-13 through III-15),
and from these the single-particle cross sections for scattering,
absorption, and extinction. For each cloud model, the set ofvnumber
densities, N(r), are evaluated using Eq. 4-1 of Chapter IV with the
given distribution parameters, and the unit-volume coefficients
determined by numerical integration of Eq. 3-12 of Chapter III.

The foliowing quantities are tabulated for each layer of a
multi-layer distribution, at each given wavelength LAMDA. In columns
2 and 3 are given the mass density and number density of the layer
determined by numerical summation over the computed drop distribution.
Columns 4 and 5 contain the coefficients for scattering GAM(S) and
extinction GAM(E) in neper cmul. Column 6 contains the extinction
coefficient GAM(E) in dB km’1 (since both sets of units are often of
interest). The Rayleigh extinction coefficient GAM(R) computed using
the Staelin approximation formula (Eq. 3-16), is given in Column 7,
Finally, the single scattering albedo and penetration depths for sin-
gle scattering D(SCAT) and extinction D(EXT) are given in columns 8
to 10.

The computed coefficients GAM(S) & GAM(E) for the Cirrus model
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1-M-1 make use of the index of refraction for ice at the three wave-
lengths considered, but the Rayleigh extinction coefficient GAM(R)
refers to the equivalent mass density of water droplets with the
same particle distribution and temperature. Thus, at 1 cm, the com-
puted extinction coefficient of ice is seen to be two orders of mag-
nitude less than the same mass density of water in‘a Rayleigh dis-
tributed cloud. Ice clouds are often neglected in radiatjve transfer
problems at microwave frequencies for this reason.

Cloud model 26-1 presents a special case with its Cirrus cap.
Since the index of refraction data used in the computations for water
and ice are at different temperatures, the results for the ice layer
have been computed separately and added to the table at the wave-
lengths 1 cm, 100p and 10u. In this case, the Rayleigh extinction
coefficient corresponds to the same mass density of water at OOC,

instead of 25°C for the water layers.

196




* cmt= . ——-e * - —tmeoea * * ‘- .

20-3906°S | [0=-3021°1 | 15%0S°0 ! %0 38€2°L {1 00 3W9E°L | G0=-3%69°1 | -90-35%5°8 | %9S0°0 I %001°0 | 1 1

. ¢= - - - * - - - - o > 4 > * .

L) { W | | wi/8d | /80 | WO/83d3N | WO/¥3d3AN | C-aahd | E-nal 9 | HIONNN |
(1x3aya | (Lvdsia | 0034V | (M) WO | () WVO [ () VO | (S)WV9 | *SN30=N | *SN30=W | 34AV |
RIHIHHHNINHIHIN“"NHunnnﬂﬂuﬂﬂﬂnunuH"”u"uuﬂn"..nu“"""""“HH"HHH"“ﬂ“""n"“"“""uu““"""ﬂﬂ“""HHHHHHNH“n"nn“"“nHH“""""""""“MH“HH"“"“HH"“"N"“"

% 930 00°EL2 =dWIL*WD €0-3000°1 =vawWyT LV S3TLYIJOH IWNT0A JINN 40 ANVEINS

L * * L J * * = —m---g +* = *
)} 20-3109°% | 20-308S°L | 90L09°0 ) 20 3BE2°L | 00 3Ivgw°*6 | SO-3EL1°2 | SO0=-361E°1 | 9950°0 { %001°0 { 1 |
* * L 4 * L 4 * - - L N * * -
[ Wi | [ )] { 1 wi/z8aa I wH/760 | WO/u3d3N | WO/83d3N | C=nand ] Eanan 9 | HIYWNN ]
| (1x3)0 | (1v2sS)a | 00387V | (H)WYO ] (VWY | (3) AV | (SINVO | *SN3AG-N | *SN30=W | 43IAVY 1

ne SEREE IlN"N"H""“Nu“H""""ﬂ"“"””“l““"""""“"”""““"“““"N"“H”“""""“""H"“"""““H“""""""“ﬂ"ﬂ""""""“ﬂ“"“"”""““ﬂ“ﬁ"""““““"""“““”"

X 930 00°€L2 =dN3L1¢WD 20-3000°1 =VOWYT 1V SIIL¥3dOUd IWNTI0A LINMA 40 ABVYWRNS

* ¢ & - ¢ —d P mown = L4 * L 4 *
)} 20 38L6°%Y | €0 31L6°5 | LEEWO®O | 20-36€2°L | %0-36€4°8 | 60-3600°2 | 01-3529°1 | %950°0 § %001°0 i 1 }
* * b wwawe * - - + pomocacnvecasmw * '3 *
[} I ] W | | wWil/780 | W/80 I WI/u3d3aN | WO/¥3d3N | C=nnid f C=nabl 9 | HIaWNN {
| (1xa | (uvis)a i 0Q38v | (YIWYO | () WV \ () Wv9 I (SIWVY | SSNIOA-N |} *SNI0-W 4 CEPS | i
E } EEEEEESREESIRE=SSZSSS - “““""“H“H“"N"n"N"“""""““""”"““"”"""“"""”H"“”“""“""“""“”"““

.'..ﬂ.“..'u.‘.'“""""“““”"“““"“"""“"“"“

3% 930 00°EL2 =drHIL*WI 00 3000°1 =VOWVT LV S3[L¥IJ0Ud 3WNTI0A LIRO o ALVHRNS

QI||IIII'||II0ll||lllllll'.‘lllllll'lll‘lllllllll'll0llllll!lllliOllllllll|l||0||lrl'll|ll|‘

| N1 | 0s°0 { 00°9 I 00°0% I ool°0 i 0°000L i 0°000S |
PP SR e L T L P L L LR L L L e Ll 4 ——— - m———-——¢
| ! | | NOY¥IIW | Caan/d | SY313W | S¥313w |
| *dW0) | el | | | (300W) 8 | ALISN3G | doiz | asvez |

14X 12=-S1 ¢30NLILVI-0IW ¢SNLVHLSOUHID T=W-1

197




. * —.-pm—— . *- - = - - ‘- -+ * *
1 €0-3299°6 | 20-391%°1 | 88985°0 i %0 364€°S | 10 3220°S 1 %0-3%s1°1 | S0-36LL°9 | LEI®°S 1 S0Sl°0 1 1 |
* * * *- - * P et L L 2 DL Dl bobaddnd Sttt * * *
| Wi | W | | nX/6a | WX/80 I WO/u3d3N | WO/d3d3N ) C-uakd | C-nall 9 | UILWNN |
I (1x3)a | (1vds)a | 0038V | (4) WY9 | (3)nWv9 i () WY9 | (S) WV i *SNI0-N |} *SN30-W | am»mqlllw

M 930 00°862 =dW3IL*WD €0-3000°1 =vaWv] LV S31143d0dd IWNTOA LINN 30 AYVWRNS

lllllllillllo|I|!ll|llll|9lllIllllllllolll!llllllllo

1 1 i

I'l.llllllllllll0'Illlll-llllQIUIlllllllll’l'lll'll|lll0

* *
| €0-3181°8 | 20-3696°1 | BE9Y%°0 { 20 36L€°S 1 10 30S6°*% | »0-38EL"L | 50-3080°S | LEI¥°®S i S0S1°0
* L IlllolIIIIlllllllolllllllllllloIllllllllllio'lllllllllllo|lll|ll|llll0l|ll|l||||llo|IIlIlIl||l|0|Illllllllli0
i WY | L] | | wWX/80 | WX/8G ! WO/83d3N | WO/M3ddn | C=aand | E-ovan 9 | YIaniiN |
I uxna | (1vds)a it 0038wV | [E-31.0 1) | (3)nNvo i (3)WVO | (SIWV9 | *SNIU-N | *SN30-wW _|| lmwwmuullw
¥ 930 00°662 =dW3L*wD 20-3000°1 =VaIWV LV $31143d0dd INNT0A LINN 40 AYVWRNS
* L dad 0!0lllllllllllloIllilll!llllollilllllilllbll!lllllllllolllllll;lltlolllll'llllll0IIIlllllllllollllll'illll0
t 10=-3008°T | 00 3.60°L | LES20°0 | 00 36L€°& | 00 39I»°2 | 90-3555°S | 20-360%°1 | LETH*S | S0S1°0 i I |
* * IlollllllllllllollillllllllloIllll!llll!lollllIIIIII!l0l|I|l|ll|Ill0IIIIIIIillllolllllIllllllollllllllllllo
| WY I LD | | /80 { WX/80 | wWO/83d3N | WO/¥3dAEN | €=-aal)d ! E-nan 9 | dIonNN |
| 1x3)0 | (1vds)a | 0a387v i (4)WYO i (3)nvo I (3)nvO | (SInvo | *SN30-N *SN30-n | LETS A} }
¥ 930 00°862 =dW3IL*WD 10=-3000°T =VURV 1V 531 Ld43d408d IWNTOA LINM 0 ABVWRWS
——- ————— rm— Ny ettt Lttt btk bdedednd Sttt

[ Lt ot TR R L L L LDl Lttt l ettt dabatsint bttt *-

. -
00 3402°9 | %0 3006°% 1| E€1000°0 i 20-36L€°S | 20-3800°L | L0-3T19°1 | 11=-31%0°2 | LEIH°*S 1 S0st°0
3 cnpmccman- -

I /80 | WX/80 I wW3/7d3d3N | WO/d¥3d3IN | €-#and [ E-aal 9

.
|
.
! I | W
|

|
(1x3)a | (1vIS) | 0Qg3dwv | (¥4I NY9 | ()Y | (3)RV9 | (S)WVO | *SN30-N | *SN30=-n H3IAVT

M 930 00°962 =dwW3L*wd 00 3000°1 =vOWvV1 L1V S3I1d3d0ud INNTI0A LINN 40 AYVWNWNS

‘
lllloII'llllllllI0Illlllllllllollllllllllllolllllllllll!OlllllllllliloIllllllllll'ollllllllllllOllllllllllli0

*
20 3656°S | 80 395%°5 1 00000°0 | %0-36L€°S | %0-300€°Z | 60-38L9°1 1 Gl-3eew*l | LEI®®S I S0S1°0 | 1 1

Ill|0lllllllll|ll0lll||llll|ll0lllllllllllloll'lllll|||l0llll|ll|l|ll0|llllll-lll|0

- - - -

|
.
| L3 | L D] | | /80 | WX/80 | WO/¥3d3IN | WO/¥343N €=-aah)d | E-sen 9 | H3unIN i
! (1xnNa | (1vds)a |\ 0038V | (M) WVO | (3)nY9 i (IINVO | (SINVO I *SNIC~N | °*SN3Q-W | 43IAVT |

M 930 00°862 =dw3Ll*wd 10 3000°1 =vaw¥l LV $31Lix3d0dd 3IWNT0A LINGE 40 AYYWWNS

Olllllllllll|QIlllllIlllllollllllllllllo|lll|llll|llollllllllllllollllllllllll0lllllll-llll0

| 01N | 05°0 | 00°9 i 00°01  0sT°0 I 0°0062 I 0°00% 1

- + PP G PP QRSN PR b Sede bt bdad ettt d

| | | | NOYDIw | Cann/9 | Se3ldn | Sy313N |
0w | (3aowWry | ALISNIG |} d01Z | 3sveZ

198




*

. - L L . . . . * . *
| €0=31el°S | €0-3%B6°L | LBEY9°0 f %0 39L€°S | 10 396€°8 | »0-30€6°1 | 90-3262°1 | €991°5S1 1 9051°0 | 1 [}
. * cebmmecncen. . -t . - . EE LTS . . -
| [} ] ] Wi ! | mi/80 | WX/780 | WI/H3d3N | WI/H3IHIN | C=uai)d | E-aal 9 | HIunNN I
| (4x3)Q | (1v2s)qa | 0qgiew t (M) Wv9 [ (3)mY9 | (3)Wvo | (S)nWY9 | *SN3I0-N | *SN3I0=W | Y4AVT ]
“...""..“""“n'“““”“u"""“""""""ﬂ"""""""“"""“"""""“""""“"""""""""“""““""“““““"""""“"""""""""”““““""“"“"" ﬂ““"""""“"“ SECESZTSIEIBRZT

M 930 00°862 =dWIL1*WD €0-3000°T =VAWV LV S311H¥3d0¥d 3WNTOA LINN 4O AHVWWNS

- *

[ L o T P P P P L T R LR ol D ekt d ol Rl il

* + T T T Y T T P T L LS
I €0-3198°L | <20-3050°2 | 6HEBE"V | 20 39L€°S | 10 3€EE€S°S | #H0-3222°1 | SO0-36ile*v | E€991°S1 I %0S1°*0 | t |
* . T T L T R o= - R e T P T R L R L D L T D et L bbbl Dl Dl 4
] L)) | LD] i | wi/u0 | AX/80 I NWO/43d43N | WO/d3Ad3IN | E=aand 1 C-nalW 9 | EELL L] |
i (1x3)a0 ! (1v3s)a | 0a38wv | (8)WVO i (3)nv9 | (3)WYO | (S)WVO | *SN30~N | *SNIA-wW | d44AV7 t
un*nuunnunuuuuu“““n“"”""NNH"H"N"""""H"H"NN"Hﬂ"""""ﬂ""“HHHHH"H""""HHH""""HHHH"N"""""""nnﬂ“"HN“H“HHH"H"HHMHHHH"HHH""H""""““MHH""N“H"H

N 940 00°862 =dnIL*WD 20~3000°T =VOWYT LV SITL¥IH0Nd IWNTOA LINN 40 AHVWRNS

‘
O'l'l'llllllIOIIlllllll‘lOOlll!llllllllolllllllllllltllllllllllll‘l-llllllllllt!lllllllllllollllllllllll0| -y - *

1 10-3€96°0 t 10 300€E°S 1 0LEOO°O ) 00 3NLE®S | 00 39T12°2 | 90-3%60°S | 80-3L86°T | €£991°s1 I %0s1°0 | 1 |
*

Py T T T L et nadatat Ll L L Lo 4

* * componene -

| L)) | i | | Wi/e0
| (1x)a i (1vIS)a 0aisw

| | ¢
IR S EE T E R E R SR R SRS RS ST SNSRI ZSESSSSSSXEREER

N/60Q I WO/783d3IN | WO/¥3d3N | €=-aaind | E=nan 9 | H3anN |
(3) Wvo *SN30=-w HIAVT

¥ 930 00°662 =dwIL*WI 10-3000°T =vOaWVT LV SITLHIH0¥d INNTOA LINN 40 AYVKWAWIS

* - oo - - o o o o O e o - + *
I 00 360€°9 I S0 3€8%°E | 20000°0 | 20-3%L€°S | 20-3668°9 | L0-358S°1 | 21-31ee°2 | €991°Sl I #%0s1°0 | 1 |
* * ‘o - o - 1 o i 42 o O i e o e e - . - - - .
| [}] | L} ] | | [bT4-1¢ | [ ).74:1¢] I WO/H3d3N | WO/83d3N | (XY 1 Te) | E-uak 9 | HIBWNN t
i (1x3)0 I (1vdsS)a | 00386V ] (H)WY9 | (3) VO ] (3)WVv9 I (S)Ywv9 | *SN3G=N | *SN3Q=-W | Y4AYT |
I EESEERXEEEEEESSCSSESCSSSSCCSTESCETSSCESCXSESCCECSIESSSCIZSSESEESRESTEESIESISESSSSSSTErSCSREEEEERSS S SSSESEEEI SIS SETRETSIZIIIIBERS

N 930 00°862 =dW3IL¢WD 00 3000°1 =vVAWV LV S3IL¥3Id0dd IWNT0A LINN 40 AHVWWNS

- - - - - - -

PR G R A et Sttt Dol k L L L L L DL lddded Sl ddaded

60 3STe*E | 00000°0 | %0~-392€°G | %»0=-3962°L | 60-3229°1 | 91-3129°2 1 €991°al I %0S1°0 | 1 |

N G S S e R ettt L el e ittndadadeted Akttt d

20 3996°S

*
|

. -
L2 i 2] ! | wi/80 | WX/H( |  WO/M3d3N | WO/d3a3N CmnaWd ] E-asi 9 | HASHiIN i
(1x3)a ! (L¥2s)10 | 0038w 3)WVO | (3 WVO (S)WvY *SN3(0=n FETS A

BB EERESERE IS E S S S S S SRS SEEESRSSTSSSSED

Hoem o ¢

M 930 00°862 =dW3IL*WD 10 3000°1 =vQWv1 iV S311#340dd INNTIOA LINN 40 ABVWANS

0lllll!'lllll0l-llllllllllollllllllllllollilillllllloll!lilllllllQllll|l|||lllollllllllllllo

i *oll | 00°¢ | 00°9 { o00°01 I 0S1°0 i 0°006¢2 I 0°00%2 |
SRR GNP QISP R PP S PR 2L L S92 S tintatated debdiutobdebiainbainid
| I I ) NOMOIW | Eaan/9 | SH3ILIn | s¥3Lan |

d012 svulz

i *d0d | 2d ] 190 | (3a0W)y | ALISN3G | |
—EEEZESESCSSsSSSsSssSSSTSSZ=SSSSSTSSISCISSEECSESESSITSESISISISISISESSSIZSSRISISESIISEITZSESS
14 0596-0008 SNLYHLSOLTV 1-%1
-
-

9

D
i



P et d

L052°0 | t )

L L ]

P L T L D il i 4 -

€0-3801°€ | €0-316L°% | LBBY9°0 | %0 3.56°8 | 20 366£°1 | #»0-3L12°t | »0-3.80°2 1 1LL2°Se

.
|

- - - - - -

- ————

* * *
[ LD} | L2 | i W/80 | nX/8d I WI/7d3d43N | WO/H3d3N €-osnd -
| | *SN30-K

*
E-nan 9 | YAGRON |
(SINVO |

{ (xHO 1 (UvISHIO | D038 (WY 1 (D9 | (IIWVO *SN3G-N_ | °SN3 a-w | 43V]

% 930 00°862 =dw3IL*WD £0-3000°1 =VOWV LV S311H3d08d IWNT0A LINN 40 ABVWANS

0llllllIlIlIl‘llllllllllllollllllllllllolllll||lllllollillllllllloIllllllIllll0OllllllIIIIl‘llllllllllllo

. *
I €0-3L1L°% t 20-30e<¢°1 | 6%EBE®D {020 3Ls6°8 10 3Fe22*6 | %0-3021°2 | G0-30cl°8 | 1lle°se f 2082°0 | 1 |
* * Illlollllll|lllllOIIIIIlIlllllollllllllllllo|l|lll||ll|l0llllllllilllolillllllllllolllll|llilllollllllllllll0
I [ )] | L D] i | wW/7d0 | WX/80 i wWI/¥3dIN 1 WO/u3daN | C-aahd I E-oan 9 | ¥ 3ownN {
| (1x3)0 [ (1visra | 0Q38v | (HIWVO | (I)WV9 \ (3)wv9 | (S)Yhvo [ *SNIU-N | *SN3Q-W | awwm; llw
¥ 930 00°862 =dWIL*WI 20-3000°T =v(wvl 1LV S31143d0Hd IWNTOA LENN 40 AdVWWNS
* . ——- - + [ SR S it iahatetatadeded Sl ot tededbedeiaddeded g - - +
t T10-38LT°YV § 10 3081°E t 0LEO0O"O | 00 3166°8 | 00 3E69°C | 90-306%°¢ | 80-3Sv1°E | teLetse | L0S82°0 | { |
* * P me—— * * lI0llIlllIlllllollllllllllll0llllIlllllllOllllllllllllollllllIlllll0
t D] | Wi | i WX/ 60 | wWM/80 )} WO/7¥3d3N | WI/¥3d3IN | €=nand | E=saW 9 | HIWON i
I (1x3)0 | (1vds)a | 0036V | (8)WVO | ()nvo 1. (3)nvO | (S)WY9 | *SN3G-N | *SN30-W | HAAVT |
N 930 00°862 =dWIL*WD 10-3000°T =vAWV LV SITL¥3J0¥d IWNT0A LINN 40 AYVWNWNS
* . - ———e cntrcmrc e e ———— * * - PR TR I L Sl d
| 00 368L°C | S0 3060°2 | 20000°0 | 20-3.56°8 | 10-36%1°1 | L0-32w9°2 | 21-398L°% | 1ll2°Se i1 2082°0 | 1 |
* . . e e e T P P R R R R . * * - . *
i W { ] | | wX/80 | wi/8Q | WO/d3d3N | WO/Z¥3d3N | €-aah)d | C-wa 9 | HIoWNN |
| (1x3)0 | (1v3s)a | 00387V | (Y)WYO i (311 ) | (3) V9 | (SINVD t *SN3U-N | *SN30-HW | HIAVT |
¥ 930 00°862 =dw3L*WD 00 3000°1 =vOWv) 1V SITLYIdOud 3WNTIO0A 1INN 30 AHVHARWNS
. N LT R e L D el TL L L DL 2l Lttt il b DLttt it § ————e EX TR Lt L T R

20 3BLS°E | 60 3682°2 | 00000°0 | %0-3156°8 | €0-3912°1 | 60-3%962"2 | 9U-389t°v | 1LL2°S2 I 1082°0 [ 1 |
* [y R e e R L TP P L L L LR T Dbl Dl tatnd et lodalodelobebndededef Soindnbdninintedet bt 81

[ D] [} [ D] | | ri/8Q | wWi/80 I WO/83d3N | WI/¥3d3AN | E=-nand | E-aan 9 | o JenNN |
ux3i)a i (1vIs)a | (3)nV9 | (3)nWvo (S)hvo [ *SN3U-N | *SN3I0=-W | LEFS A |

N 930 00°662 =dWIL*WD 10 3000°T =VOWYT LV S3I11#3d08d 3WNTI0A LINN 40 ABVARNS

. - - —— ——— - P Y L L LR

ol | 00°1 I 00°9 i1 00°01 I 062°0 t 0°0S99 I 0°0St |

.
|
PO G S R et L PR Y R L SR D R D L ek bt d b Anddbat bl tedadnd e S €
|
|

| | | NO¥JDIn | Caod/9 | Sodlan | Sa3Lan |

12 | (3doW) | ALISN3C0 d0LZ

200




. . . ——— G- . . . . . .
i €0-3001°C | €0-3l6i°Y | L3EY9°0 ) »0 3156°8 | 20 366E°1 | #0-3L12°C | %»0-3.80°2 | liLe°se i L082°0 ) 1 M
. . .- . T ; . - - . . . .
| i | L} | 1 wi/8d | w3780 | WO/¥3d3N |  WO/¥3d3IN | E~aold | Ceoat 9 | YIBWNN |
| (4X3)0 [ (1vOs$)a 1 0g34Y | (4)nv9 i (3)WV9 | (3)nY9 | (S)Invo | *SN30=-N | *SN30-W | ¥3AVT [
EEEEEANEEEEEETREECSCEEEEEECECSESSSESCTOCZZECCSEEISSSESCISCEISSSSSEEEEESSSSSSETSEEITESEEFAISICEEIERRSEEERRERRERIERESIRTSESFTTERIERES

3 930 00°862 =dW3L¢WD €0-3000°1 =vOWVT LV SI11¥3d0¥d IWNT0A LIND 40 AYVYHWNS

. . o= tom— reccatean=an= ‘e T e T - tu—— - - *
| €0=-3LT4°% | 20-30€2°l | 6%EBE"O | 20 3296°8 | 10 3222°6 | 90=-3021°2 | SO-30El°*8 | 1LL2°92 | L082°0 i 1 |
* . *- - o P L L T P e DD DL DL L L L ’ . * ——
| [ }] | Wi | | )74 1¢] | WX/8U I WO/83d3N | WO/ZH3dIN | C=aaid | E=wal 9 | HIuWNN |
| (1xIu 1 (vds)o | 0038V | (H)NYO | (3)nv9 | (3)wvo | (S)WVO | *SN30-N | *SN30=W | HIAY |
....-'...""-“"“"“""““"“”””"un“““"""""“"““""“"""""“"“""““""“““"""""“"“"“"""“"""""“““""""""“"“""“""""“""““"""""“"“"”“””""""“"”“““"

N 930 00°862 =dw31*WD 20-3000°1 =vanWv LV S3TINIdONd IWNTOA LINN 30 AYVWWNS

. * * PR R R N e e T L L L L R PR L Lt DDl kbt bt Sttt et o= - - *
I 10=38L1°l { 10 3081°C | 0L€£00°0 1 00 3.56°8 | 00 3€69°C | 90-306»°% 1 d0-3Sv1°€ ) 1LL2°S2 I 1082°0 ' 1 |
* * >~ - Qllllllllllll0lillllllltllolllli!llllllﬁli'll!l!l!llOlltlll * rmevetenara
| L) | L)) | i ri/78a | WX/80 i WI/Z83d3IN | WO/H3d3N | E=oand | C-nalh 9 | LELLTAL t
! (i1x3)a ! (L¥2s)a | 0038w | (%) WVO | () WV9 i (3)wvo 1 (SIhVO i *SN3U-N | *SNIC~-n | H3AVT |
!lllﬂﬂllﬂl"ﬁl"””"""unnuunnnnnnnnnn""u"uu“nunununHunnu"unuuu"nu"uuun"nunuuun"uunuuunnu"uunuuuuunﬂunnunnu"uuu"ununnunnnunuuunﬂnuuunnu

% 930 00°862 =dwIL*WD 10~3000°1 =vOWVT LV S31143404d 3IWNTO0A LINN 40 A¥VRWNS
. . ‘- tm—— —— - + ———— crcceame ——d * *
I 00 3SBL*E | SO0 3060°2 1 20000°0 { 20-32466°8 1 10=-36%1°1 | L0-3299°2 | 21-398L°% | 1212°'Se I L082°0 | 1 |
* * o= . - D e 0 o o o D e = 0 o - .
| [ L) I (D] | i wi/ad i Wi/Hd | WO/¥3d3N | WO/¥3d3IN | C-nand i C=ual 9 | HIuWNN I
| (1x3)0 | (4vdS)a 0g387v 3 () WYO [ (3)hVYO | (3) WY | (SInvO | *SN30-N | *SN3g=W | YIAVT !
HI!lllﬂlnuuulnlu"Mnnnnununununn“uﬂnnnn"“”nnuuu"nnnnunnuunuunnnunnnwuuﬂn"nnnnuuunnunuunuu"nnn“unnun"NuﬂunHnﬂnuHnlununuﬂnununnuuulunH

M 930 00°862 =dW31¢WD 00 3000°T =v(wv1 1v $3I11¥3d0¥d ANNTI0OA LINN 40 ANVWWNS

0lllll!llllllollllllllllllol!llllllllll0llll!lll!!ll‘l!ll'llIllll0llIllllllllloIlllllllllllollllllllllll0

. > -

I 20 3BLS°E | 60 3682°2 | 00000°0 | #0-3.56°8 | €0-3912°1 | 60-356L°C | 91-3u3¢°y | 1LL2°%2 I 20482°0 | 1 i
* . lll.l!llllllllllQlll!!llllltl0lIlllllllll‘ol!ll!lllllllollllllllllll¢|lllllllllll¢llll|lllllllollllllllllll0
I D] | WX t i wi/ud | [3.r4:1¢] I WO/d3d3N ) WO/HIAHIAN Emnand | €-~an 9 | LELLIL |
| (1x3)0 | (lvdsia i 0Q3dv | () VO | (3)nv9 | () WYO f (SIhVO | *SNIG=-N | *SN3I0=-W | YAV |
EREEEEEEEESSEERESSSIRISSTEEESSE CrECES=E=ECCECSSSSSSSSSSCSESSCZESSSSSSCCCSSZSSESSSISSCCEZCEIZSZSSSSSESTSSESRASSSSSSXSIIZESRSRTIIIZITIES

¥ 930 00°862 =dW3L*W) 10 3000°1 =VOWY LV SIIIH340dd IWNT0A LINN 40 AHVARNS

PP G GRS PRSP SRR SR ek datt ettt bttt dadel deddededddddadh 4

| ‘ol ] 00°1 [ 00°9 i 00°ul I 0%2°0 I 0°0001 I 0°009 |

PPN PR Y R e T L L L LR R L R Rl bl At ettt et

] | I | NOHOIW | Cenn/9 | SHAlan | Sd343n |

f *dW0D | 2d I 10 t (30008 | ALISNIG | d0is | sveZ |

SEIEICESEESRESSSESSSSSESSECSCCISSSISEESSSSSRESSSSSSSSISIISCSSCSESRTIZISSISSIZTIZSSIZITIXISSIER
L4 000E-00ST SNLYHIS ONIAT=MOT 2=02

201



- ,
. tm——— P e D L DS L L Ll Lttt oo PO tttatatadadadl ol - * * - i 4
| €0-3506°8 | 20-396%°1 | €4895°0 t %0 30LE°S 1 10 3STI°S | »0-39L1°1 | s0-3€89°9 | llLlet i €081°0 I 1 |
* At -t ——— + lllllollllllllilllollllllllllllolllllll!llll0llllllll!lll0l|lltlllllll0llllllllllll0
| w3 ] W } | rI/780 | w780 | WO/d3dIN | WO/¥3d3N | C=aand [ C-san 9 | Y IdnNN |
[ 1x3)G 1 tividsra 0Q38wv I (¥) WV9 | (3)IWV9 i (3)Wv9 | (S)WVO | *SN30-N |} *SN3I0-W | H3AVT |

M 940 00°862 =dW3L*Wd €0-3000°1 =VaWV 1V S31143d0dd 3WNTI0A LINN JO AYVWRNS

llOllll‘lllllll#lllll-llllll#llllll||llll0llllilIlllllblllllIllllllolllI!lllllll0Illlllllllll‘llilllllllllo

. *
€0-3425°L | 20=-3129°1 | 0%%9%°0 | 20 304€°S | 10 362L°S | %0-382€°T 1 S0-3631°9 I 1Liese | €0gl°0 | 1 |
+

bllllllllllllOllllllllllllollllllllllilOllllllllllllQllllllllllllbIIllllilllll0lllllllllllloIIIIWIIIIIIIO

| i /80 | wWX/80 | wWO/83d43N | WO/¥3d3N [ 2 1] I E-oven 9 | ¥3onnN |

WY |
0038w | (H)WV9 | (3 Wv9 | () WV9 | (SYNVO | *SN3G-N | *SN3IQ~H

()]
(1x3)a t (1v2s)a

¥ 930 00°862 =dw3L*WD 20-3000°1 =VAAWVT LV $3ITL43d08d IWNTOA LINN 40 AUVHWNS

II'Ollllllllllllollllllllllllolll|ll!ll-lloIlllllllllll0llllllllllll’llllllllllll0

* +* ——— - *
| T10-3s06°l | 10 30%6°1 | 28600°0 | 00 30.€°S  0U 3v82°2 | 90-3082°S | 80=-3951°S | TLIE°E I €0s(*0 [ 1 |
* * L ket d ‘- lIIIIAIOIIIIllllll#ll!llllllll!olllllllllllloIlllllllllilolllIllllllllollllllllllllb
| [} | L] | i wi/80 | W3/80 | WI/83d3N | RWO/¥3d3N | €=~auhd { E-oenW 9 | YIWNN |
| (1x3)0 I (1vIsHKg | 0038wV [ (Y)WYO | (3)1nvo | (3)YnWv9 [ (SYWVO | *SN30-N | *SN3IU=-W | -EZS A I
M 930 00°862 =dw31*WD 10-3000°1 =VOWVI L1v S31143d04d 3IWNT0A LINN 40 AUVRWNS
* tmm—— crrntmmmcae—- - PO G SRS R 22 ittt St hlet i tisshd . - .
1 00 36%2°9 | S0 3652°1 1 S0000°0C | 20-30.€°S + 20-3196°9 1 £0-3009°1 | 21-3ew6°L | LLIE°E I €0S1°0 | ¢ |
* * *- - *- et e DL L el et S i - * * *
I ()] | 2] | I wWi/6d | Wi/80 | WO/¥3d3N 1 WI/¥3d3AN | E~#and | C-nert 9 | HIYWNN |
} (1x3)0 [ (1v2s)a 0038w | (¥)NYO | (3)nWv9 | (3)NV9 i (S)WVO | *SN3g-N | *SN3I0-W | Y4AVT |

» 930 00°862 =dW3L*WO 00 3000°1 =VOWY LV S3T1H3d0dd 3WNI0A LINN 4O AHVRWNS

IIOIllIllllllll0|lllllll|lll0|lll'llllI'l.llllllllllll‘llll'lllllll0|lllll|lll-l‘lll!llllllll0--I|lllll|l|0

‘o
20 3696°S | 60 3e8E°l | 00000°0 | %0-302€°S | %0-3282°L | 60-3529°1 t 91-310¢°L | 1Ll€°C. I €061°0 | 1 |
.

|l0ll|ll|llllllOIIIIIIIlIIIIOIlllllll'lll0||lll|llll|l0lllllllll'llollllllllllllo

P LT

N/uQ [ WX/80 I WO/7d3d3AN | WO/¥3d3N | C=uah)d [ E-san 9 | HIoniIN |

*
!
.
t
| () Wv9 [ (3)nvo | (SIKYY | *SN3Ig-N *SNIU-w

+*
AN 1 W 1 |
(1x3)a | (1v25)0 |

¥ 930 00°062 =dwW3L*WD 10 3000°1 =yaWYT 1V SITLHIM0dd 3WNTOA LINA 40 AHVHWAS

0""Il|ll'|l0llll|llIllllQIllll|||llll‘llllllllllllOlllllllllllloIlllllllIlllOlll'llllllllo

] *0IN | 00°¢ ! 00°L I 00°0¢2 I 0s1*0 I 0°0S I 0°0 |

IIOIIllllllllllollllllllllllbIllIllllIIIl0llllIlllllllol'llllllllllo

| | i t NOdJINW | Eean/9 | Sudldw | SH313IN |
12 | (300W) Y | ALISNIQ | doiz | asvdZ

202




* . * + -—— S A T T 3 * * -
{ 00 3941°T | 00 3546°S5 | 8L961°0 I 20 3129°€ | 10-3004°€ | L0-350S°8 | L0-3%L9°T1T | 0SI%* o—om | 0100°0 i 1 |
. * - * + L R el et T L L2 T 2 - XS T P R L L L 24
t Y | [} | | n3/8a 1 WX/80 I WO/783d3N | WO/H3d3IN | (22 ) | C-nalW 9 | HIGANN |
| (1x3)0 [ {1vdsira | OD av ] (4)WVO | (3)WVv9 | (3) Wv9 | (SInvo | *SN3IG=-N | *SN3G=-W |} H4AVT) |
Py T It T T T Ty P P P s s T T R R e R R b e S 4 .

% 930 00°862 =dw31¢WD €0-3000°T =VOWYT LV S31143d0dd IWNIOA LINN 40 ANVWWNS

- > § - - - T - - - -

- c—m———— .

. .
| 00 3046°2 | €0 3192°1 | SE200°0 I 00 3T29°E | 1U=-359%°1 | (0-319€°E€ | O01-3L26°L | 0SIv°gi02 | 0100°0 | 1 |
. . o ——— - B T LT T e ettt Sttt
| WY | W | I riI/80 | WX/80 | WO/Z¥3d3IN | WO/83d3N | E=-aand | E~son 9 | HIUNNN |
| (1x3)0 | (1vds)a | 0038w | (H)wy9 L} () wWv9 | (3)WV9 | (S)HWVY | *SN3a-N | *SN30~-W | H43AVT |
13313111 T ittt st 2t s st 1 X Pt tE Tt Tt 1t E ittt It 1Tttt 1ttt ittt 1t ittt t ittt ittt ittt ittt sttt ittt it 3ttt 21t 2 2t R R 2 2 1 1 £ 3

N 930 00°862 =dw3L*WD 20-3000°T =vOWV LV S3ILN3d0dd IWNTO0A LINN JO ABVAWWNS

B R et L T R L R P R T oL DL PP RS

¢ * * - - or - - -
| 10 30S80°€ | 90 3810°L | 00000°0 I 20=3129°t | 20-392%°1 | 80-3822°C |. €1-3%2%°1 | 0GIe°gi02 | 0100°0 | 1 |
* +* Pommmem LX) B L T T T T R O R L L T P L R E R T PR T P L I LS L L L T X g
| LD ] | Wil ] | wi/80 | WX/80 | WO/M3d3N | WO/¥3d3N | C-nahd | Eegan 9 | dIdinN |
| (1x3)0 | (ivds)a | 00387 | (H)NV9 ) (3)WVO | (3)Wv9 | (S)rvo | *SN30G=-N | *SNIA-W | LEFS A} |
EXTTEEZRESISTS R T P I R I T i R P R P R A i i R S e e
% 930 00°862 =dW3IL*WD T0-3000°T =VAWV IV SIILHIH0Ad IWNT0A LINM 40 AXVWANS

* * - - * - - - - - - - o = - - - - - - - - P - - - -
| 20 3s8%°6 | Ol 38L6°*% I 00000°0 | %0-3129°C | %0-398S°% | 60-3%50°1 | L1-3600°2 | 0SI%¥°8102 | 0100°0 | i |
* * * - —om—-d - P T L L L T T P T Y T * - - *
| L) ] | Wi | | wi/aa | wWi/8a I WO/d3d3N | WO/Y¥3Id3IN _. C-~wakld | C-nal 9 | HIHANN |
| (1X3)4 | (Lv3s)a | 0034w i (¥)Wv9 | (3)nWv9 | () nV9 ! (S)nv9 i *SN30-N I *SN30~-w | Y3IAV |
EEEEECSCEECSSCSESECESSSSCESSEZSSSSSSSoSSCSECISSESE SRS CSCISZSCSCSESSSSSISEISSEISSSERSIISESSSISSIISTIIEZIRS

EBEECTZCETSITTIETISTTTI=S

¥ 930 00°862 =dW3IL*WD 00 3000°T =VOWVT LV SITLHIJOHd IWNTOA LINN 40 AUVWANS

IlllllollllllllllllollIlllllllll’llllll!lll’loIllll|ll|lll0llllllllll|Iollllhf'l'll'0IOI0II|I0I|I0Illllll!llllo

. .
I %0 3188°8 | »1 3L16°% | 00000°0 | 90-3129°t | 90-3S(6°% | (T1-30€L°T | [I2=-3%vEv°*2 | 0Ssi®°Hl0Z | 0100°0 | 1 |
. * - - . B L T L LT T et L LR L L P L PR L P e L L LT T Y
| W I )] | | Wi/da | WX/80 | WO/¥3d3N ) SU\anwz | E-uaWd | Cauun 9 | HAanN |
| (1x3)0 [ (1v2sia | 0Q387w | () NvO | (3)WV9 i (3)Wv9 | Am.! | *SN3ICG=N | *SN3IC=-W | 84AVT |
FrFI I3z I I It i1t 11113111ttt 1t 1t 1ttt 331ttt i1ttt 1t it 1t 1ttt 11t 1ttt 2+ 21 """""""""““"“""“"""““""""""“"""""“"""""l"“""

3 930 00°862 =dW3IL*WD 10 H000°T =vOWV] LV S3IL¥3d08d 3WNT0A LINN 40 AHVWRNS

o o W ) o o T O o e @ T " o - = > e -

| *01n i 0s°0 ] 0o°t t S0°0 I 100°¢C I 0°00s1 I 0°0 |

T e e bl O R et R e ettt A bttt g
I i | I NOMIIW | mvax\o | Sy3idn | Su313W |
wco:vm ao»N [ mmqmu

AAV3IR ¢32VH 7-02

203




0llllllllIl-|0ll|lllllllll0llllllllllll'lllll'lllllloll'lllllllll‘lllllll-l'll0

| G0-3€0L°C | L0=-3%5E°6 | %160°SE t seo0°t I € |

PSP e YRR PP Y L etttk b Ll 4

'S e e e m - ————————-———

20-3004°2 | 00 3590°T | Lgs20°0 i 10 398S°t t 10 3119°1

OIIIIIIIIIIIIOllllllllllll0l||l|ll‘lll|0lll|llllllll.lllllll'll'l#I

*
20-305€°1 | [0-3€2€°5 | LESE0°0 | [0 32LT°L | [0 3222°€ 4 S0-390%°L | 90-36Ls°1 | 6281°cL I 0L00°2 ! 2 |

llllllllllollllllllllllol'l!lllllIIIQIIIlllllllll0llllllllllllb-llll'llll-lt

- - - - - - > - -

20-3888°1 | 10-3E1€°l 1| €3en1°V | 10 398S°€ | 10 3I%0E"2 | 60-3962°S | 90-3L19°L | wlIS°Y I se00°t | { |

———————————— = - - = - -

||'l-'l|l|llQIIIIIIIII’IIOlllllllll'l'&lllllllllll|0lllllllllll'#llllllllllllbIIII'IlIlIIIQl

| WX i | wI/8Q | W3/84 | wW)O/83d3N 1 WO/¥3d3N | €-aand | E-ven O | H3unnN |
00387V | (8)WYO | (VI | (3)NVO | (SINVY | *SN3G~N | *SN3I0-NW

oo o @ =

¥ 930 00°862 =dw31*W) 10-3000°1 =VOWV] 1V S31143d0¥dd AWNT0A LINN 40 AUVAWNS

* * - -

lQllllll'lllllOIllllllllllIOIIllllllll'lollllllllllllolIllI'lIllllQlllllll

Py Y Y T T L L L

10-311€°6 | €0 30se°L | €1000°0 | 10-398G6°€ | 10-3229°% | 90-3%.0°T | 01-31%€°T | %»I60°9€ I SE00°t | € |

IlllllloIllllll'llllOllllllllllllollllllllIlll0lllll'llllllbllllllllllllollllllllllll0lllllllllIIIOII’I'OI'IIIIO

t 6281°2L t 0L00°2 | 4 |

-

10-3659°% t €0 3549°t | €1000°0 | 10~32L1°L ) 10-3%%€°6 | 90-3s8%1°Z | 01-312L°¢

|l0Il!Ollllllllo!lllllillll!0llllllllllllollllllllllil0llIlllllllll0lllllllIIIIIOlllllllll-llQllllllllllil0

[

*

|

+* +

I 10-3600°6 | 20 3ETL*S | 66000°0 | 10-398G°E | 10-3¥28°% | 90-3011°1 | 60-3.60°1 1 #llIs*Y I SE00°T i 1 _
*

|

|

* lllOllllllllllll0IIIIIIIIIIIIOIIIIllllllll&IIIllllllllloilllllillllloI-Illl-!llllo ——- -

.
| | /60 | /80 | WO/783d3IN | WI/¥3d3N | €-aahd | E-aak 9 | H3onNN |
00387V | (Y)HYVO | () nVO | (3)NV9 I (S)nv9 | *SN30-N - E7S | |

M 930 00°862 =dW3L*WD 00 3000°T =VAWV LV S3I11¥3d0dd INNTIOA LINN 40 AHVWANS

0|||llll|l|l|0|llllIIllll-Qllllllllllll’Ill|llllllll0lllllllll"lQlillllllllllQlllllllllillQlﬂilllllllli0

- .

| 10 38€6°8 | L0 3%8i°8 | 00000°0 | €£0-398S°c { €0-3198°% | 80-3611°1 | #»1-322¢°1 | %l60°9¢ I S€00°1 | € |
- . P P G PP SR PRttt e L L DL Dbt Ll Sdeltobadnbintd Sl dbalatedatdad dntededuiedafeidatesht
i 10 369%°% | L0 3260°% | 00000°0 | €0-32L1°L | €U-3%EL°6 | ©0-38€2°¢ | #l=-3wwy*2 | 6281°2L I 0L00°2 1 Zl |
- . P R G R G SRttt D Dl Dt e i heind st tedededebetedeibebnd Attt Sl
} 10 32€6°8 | L0 32T0°lL | 10000°0 | €0-398S°C | E€0-3¥98°% | 80-3611°1 | v1-32s8°6 | H1IS°Y I SE00°T | H |
* *- J QI PR RIS PP A ettt e Aniditednbiedndededed Sttt
| L )] I L] | ] Wi/ Hd I WX/80 I WO/¥3d3N | WI/H3dIN | tmnand [ EeaeW O | eI |
' (1x3)a | (1vis)a | 00387V | (8)WV9 | () WYY 1 (3 nv9 | (S)nvo | *SNAG-N | *SNJU-W | H3AVT |

¥ 930 00°862 =dWIL*WD 10 3000°1 =VOWV LV S31133d0¥d 3IWNTI0A LINN 40 AYVWRNS

PO RS S e e e e ashababed Skttt bttt

| *0IM | 0S5°0 | 00°9 I 00°01 1 000°1 I 0°00s1 i 0°0001 |

U e T e R L L L Lt Lt bl Rt ettt et b Antsbddte bbb 4

| *0IN | 0S°0 | 00°9 I 00°0T I g00°2 I 0°000t I 0°00S |

- - [ N QU Sy SR ettt el Rk Ll b Lt Dkt b 4

| NIvy | 0S°0 | 00°9 I 00°02 I 000°1 b 0°00S I 0°0 t

e e E L L L P L Lt

- -—-—— - — - - - = —— — -

| i | I NO¥IIwW | Casns/9 | S8313n | Sy3L3n |
| §¢] i (3aow)y 1 ALISNIG | a0LZ | 3sveZ |

204




* > e ) - - D P - > e 4 D " D s . - - - - *

€0-3662°1 1 £0~-3912°2 | 88985°0 I 90 398S°C | 20 3IWHEC | %0=-3969°L | %0-3L1%°% | 9160°9€ I se00°t | € |
.

e o e e o e e e o o e 08 e e e e e o =

%0-3L6%°9 | €0-3.01°1 | @8398S°0 I S0 32L1°L | 20 3969°9 | €0~-36€ES°1 1 %0-3EEU®6 | 6281°2L I 0L00°2 | e i

- e 0 o 4 e e 4 e B O e T S D e s " e e e e ) TP e e e S o s e o e o = o

*

|

*

|

*

I €0-30€8°2 t €0-3L9%°S | 93L15°0 I S0 398S°E | 20 3LEST | H0-39ES°C | %0-3628°l | olls°*» I SE00°1 | 1 |
* * -

i

|

2

P o s B 0 e ) ke Oy O o e T B0 ) S P e e Y = - - - - -t

L)) | W | | iI/780 [ /80 I WDO/¥3d3N | WO/¥3dIN | E-aekd I, C-waW 9 | HIHWNN
*SN30-N *SN3Q-W

| | |
22t it ittt 3 2 24t 1 2212 2 222 3 2 £ 2 2 £ £ 4 £ £

(H)WV9 (3)mvo (3 nv9

(1x3aa | (1v2s)a

|
(2123223333213 333+ 122 2 112 33 22 222 F 2 2 2 £ L7

(S)HYO

% 930 00°962 =dWIL*WI €0-3000°T =VvOWVT LV SITL¥IJOHd IWNTOA LINN 40 AUVWWNS

- o 0 P T 0P e ) > S G P e AP e S A ) T Y o S P L B - e e e - - EETS —remen=-y

€0-381E°1 | €0-~3€96°2 } WHE9YY°O I €0 398S°E | 20 300€°E | %»0-3£8G8°L | %0-IL8E°C | %160°9E I sE00°t | € I

|
. . P L e L L R L T T S T P T TR T P L T T
I %0-316G6°9 | €0-39L%°1 | BE9IH®*0 I €0 32LT*L t 20 3009°9 | €0-3215°1 | %90-3€¢L°9 | 6281°2L f 0L00°2 | 2 [
. . LT T il e T e T T e e T
I €0-3092°2 | €0=3L9%Ll°% | %09L%»°0 I €0 398S°E | 20 3826°1 | %0-392%°% | H0-3L01°2 | #HlIls*y I SEO0O0°Y | 1 |
. . B n rE e e e e e wn = e e T e e e = e o e e e e e e e e e e T e e e
t W i WX } | /60 i /80 I W3/d3d3AN | WO/¥3dIN | C=aahd | Cenan 9 | HAENNN |
| (1x3)0 | (LvIS)a 0Q3av [ () WYO | () wvo | {3)nvo f (S)vo | *SN30=N | *SN3IA-W | Haiv?) l
"“"""“"u"”“u“"““""""""""“"“""""""""""“""""“""““"""""“""“"“"""""“"""""""“"""""""“"“"""""".""""”""."""““""“"""""““""""""““""""""""""""“
X 930 00°862 =dn3L*WO 20-3000°T =VOWVT LV S31143d08d IWNT0A LINN 40 AHVWWNS
boow - tom——- - B R e L e i d
t *011 | 0S°0 | 00°9 I 00°01 I 000°1 I 0°0051 | 0°0001 |
G e O P T e = T Y e > R - e - - - - * *

i *oI1n | 058°0 t 00°9 I 00°01 I 000°2 t o0°0001 I 0°00s |

T N e et e L T T T T N Tl L T Y ek 4

| NIVY | 05°0 [ 00°9 1 00°02 I 000°1 I 0°00S I 0°0 |

L T T e e T e e e

tecccane ‘-

| | | | NO¥JIW | Cenn/9 | SH3L3W | SY3L3N |

| *dn0d | 2l | 12 | (3gow)y | ALISN3G | d01Z | svaz |
B s Y e S P T T L e P P P P T T
UH/WN 2°0¢3122140 -1
. .

205




IS
<

20-3004°2 | 00 3590°1 1 LES20°0 I 10 398S°€ | 10 3TI9°T 1 GO0-3E0L°E | L0-3v6E°’6 | %160°9¢ I SE00°1 ) Y !

iy Py g LR S N L i ittt Sttt et LBl LDl Dl ol bt ettt ittt

10-3€2€°5 | LES20°0 I 10 32LT°L | 10 3222°€ | S0-390%°L | 90-36is°l | 6281°2L I 0L00°2 I € |

T T T ]

20-305€°1

- o>} = - —— - - - = - e

00 3590°1 | (LES20°0 I 10 398S°E€ | 10 3ITI9°T | GS0-3€0L°E | L0-3ws6E’6 | #160°9¢E I SE00°1 | é |

*

|

.

1

* QP I QR U ORI PR R G R AR et D D DD oDl Dl R bl tttetedade b 4
I

*

]

|

10-3%05*2 | 6L61S5°0 100 3LLT°L 1 00 3E¥E°E | 90-3¥89°L | 90-3%66°t | L000°0 1 v002°0 | 1 I

- - -

10=-310€°1

- -} > P = = o e e e e - - - -

|
*
|
.
I 20-300L1°2
.
|
.
“ | | LM T4"1Y] | /80 I WI/83d3N | WI/¥3d3N | E-sakd | E-aalW 9 | H3anlIN |

[ )] L]

(1x3)0 (1vis)a i 0g3|v ! (H) V9 | (3)nV9 | (3)WVO [ (SIWVO | *SN40=N | *SN30-W | 83AVT 1

X 930 00°862 =dW3L*W) 10-3000°1 =vOWVT LV S31143d408d IWNT0A LINN 30 AaVhWNS

* + [ L T el Ly T e L P P R L Lty R e L Lt Pl S abtnd oDl ol ottt g *- —————-
t T0=-3TE°6 | €0 30SE°L | €1000°0 t 10-398S°€ | 10-32.9°% | 90-3%L0°T | 01-313¢e°1 1 +vl60°S5¢E I sg00°t I A |
* * P - = - - - = = - - - +* IIIIJIIO
I T0=-38S9°% | €0 3549°E | €1000°0 | 10-32L1°L ) 10-39%€°6 | 90-38%1°2 | 01-3121°2 | 6281°2L I 0L00°2 t € |
* * T T el ettt Al LD L DL L Db DD L St dbed bbbttt ettt
I 10=-3T11€°6 | €0 30S€°L | E€E1000°0 | 10-398S°E | 10-3¢l9°% | 90-3720°1 | O01-319€°1 | #160°9¢E I SE00°T | r4 |
. * T T T T e ittt 3 - tm——— D itttk ]
I T10-3568°9 | 00 3655°2 1 1%692°0 1 20-3241°L | 10-360€°9 | 90-306%°1 | L10-3806°t | L000°0 | 8002°0 | 1 |
. . P T T el e T P e S e T B L ettt 4 - -—— *
| D] t Wi i | nX/80 | Wi /8a I WO/7d43d3N | WO/¥3d3IN | €=aand | E-nal 9 | d3omNN |
| (1xaa | (vosra | 0034wV | (4)WV9 | (3)mv9 1 (3) V9 B (SIAVO | *SN30-N | °*SN30-W | d3IAVT |

» 930 00°862 =dW3IL*WD 00 3000°1 =vOWVT LV S3I11d3408d 3WNTO0A LINN 40 AHVWAWNS

P SR PP PSPPI QISR P PSS 14 982 B4 Sl ettt e it g

* .

) 10 38€6°8 | L0 3%81°8 | 00000°0 f €0-398S°t | €0-3£98°% | g0-36T1°1 | #H1-322¢°1 | %160°SE€ I Se00°!t | A |
. ’- PR QUL VIR USSR SR S PP O S S it St deddedededdrd dedededede it g
i 10 369%°% | L0 3260°% | 00000°0 I €0-32L1°L | €0-39€L°6 | 80-38€2°2 | wl1-39vv°2 | 6281°2¢L t 0L00°2 | £ |
* *- I G U IR G S PR S PRt D ek bbbk g
I 10 38€6°8 | L0 3%g1°8 | 00000°0 | £0-3968G°E | €0-3/98°% | 80-3611°1 | wl1-322c¢°1 | %160°9¢ | SE00°T | l |
. . P G PR G EPREPREES ES aaae RE DL Dbt Sl ettt Sk Attt itttk
I 20 3S09°E | %0 3%%9°2 | #3¢El10°0 ) %0-3LLT°L 4 €0-3202°1 | 60-3%LL°2 | 1l1-3gs8L°E | L000°0 I w002°0 i 1 I
* - lllllolIIlllllllllollllllllll|l¢llllllllllll0llllllllll!iollil!llIllll&llllllllll|l¢lllllllilllloll'lllllllllo
t ()] | )] | | wx/80 | W/ 8U I WI/Z83d3N | WO/783d3N | E=aand } Ceaon 9 | HIannN I
I (Lx3)a | (1vis)ao 1| 0038 | (B)WVO | (3)hY9 | (3)INV9 | (S)WVY ! *SN3U-N | *SN3d=W | d3AVT |
"“"”"”"“””“""“"""""""""""""""""""""""""""““““"““"""“""““""""“"“”"“""“““”"“""“"“"““"“""“"“""”"""""""""""“"““"""""""""""""""“""""“"""

N 930 00°862 =dw3L*wD 10 3000°1 =vdwVl LV S3I143d0dd IWNTOA LINN 40 AQVRWNS

N T L L R el L L e e T P R P D T L il el it el d bt d ol 4

| *0I7 I 0S*0 | 00°9 I 00°01 I 000°1 I 0°006&1 I 0°0001 |

e L LT S e e e P e R T R T L L ket LD b Lt 4

i *0IN | 0S°0 | 00°9 1 00°0t I 000°2 I 0°0001 } 0°00% |

o o e s = e - =~ —— - ————-— ¢

| *0I1 1 0s°0 | 00°9 I 00°01 I 000°1 I 0°00% I 0°0st |

e . = o = o = = - - -

| NIvy | 0s°0 | 00°S I 00°00¢2 I 002°0 I 0°0Sl I 0°0 |

e T b LT T e e T R R Pl Dttt e Al et bttt d ek 4

| NOHIIW | Laan/9 | Syildaw | SH3IL3IW |
12 | (3gow)y 1 ALISNIU ) d01z | svdZ |

206




P R S S L L L L T R Y Lt D T T g Y ettt datatatatatnd ——d - P L LT L P Y

€0-3662°1 | ¢€0-3%12°2 | ©d985°0 | G0 398S°E | 20 3IvE°E | %0-3969°L | %w0-3L1S°% | H160°9C | seo00°l i K |

L} i L1 | ‘ | ni/8a I W/80 I WI/83dIN | wWI/¥3d3AN | E~nak) | E=naW 9 | d3onNN |

[

* ‘- [ P UOE PR eI PR SRR A e e L P P PR R R P L L R R Rl D S L L el e Dt bl Sl ot Gububadnd 4
I 9%0-3L6%°9 | €0-3L01°1 | 88985°0 | 60 32L1°L 1 20 3969°9 | €£0-36€S*1 | %0-3t€0°6 | 6281°2L I 0L00°2 | € |
* * L S L T e e etk Sttt LD L DL L LD D LR LAl bl Ll Dol ded Sddobadedndoboddednted 4
| €0-3662°1 | €0-3%12°2 | 8398S°0 I S0 398G°€ | 20 Huwe*€ | #0-3969°L | %0-3L15°% | H160°9¢ I S€00°1 | 4 1
* . - J Y SRR SR e e T R R R L R L DL D DLl et el Dl i d
I 10=3%1¢°1 | 10-306€°E | 13905°0 | %0 3L41°L | 00 3BES*2 | 90~-3G5€8°S | 90-3056°*2 | L000°0 | 8002°0 | 1 |
‘- ‘o P QLU PRSI PSP SRy PRSP PR ettt Aedetatatatede R L L LR LD DL DL Dbl Sl dlede ettt g
|

| (1x3)0 | (1vJ2s)a 0Qq3gv | (8)nV9 I (3)WVO I (3)nvo i (SIWYO | *SN30=-N | *SN3I0=-nW | H44AVT i
BEEEZZXITXEZIT IS ""”""““"“"""""“““"“""""““"""“"““““""“"""""“"”“”"""""“""“"""“""""““""“"""""““""“""""““"""“"""""““""““""“"""""“""

¥ 930 00°062 =dWIL*WD £0-3000°1 =vawV 1V S3T143d0dd IWNTOA LINN 40 AHVWRNS

S G PR G I S SRR e e L R R A R R L L L L It e Dl f Sttt l e bad it ot it ki 4

+
€0-38lE°Y | €0~3€S6°2 | BE9HYHY*O | €0 398S°C | 20 300€°C€ | $©0-3L8S°L | %0-38t°E | »160°SE I QE00°T | \ |

—— T G S DLy Ly PR AEP RSP e e R D e S ahnbudud 4

20-3165°9 | €0-39L%°1 | BE9IYY°0 I €0 3241°L ) 20 3009°9 | E0-3216°1 | %»0-3eLL°y | 6281°2L i 0L00°2 | € !

PSP UL PRR R YRR PSR bttt R DAL DL L L L D LDl Aol le b ddatdeddided 4

o —mrmemt -

*m

|

*

|

*

I €0=-38l€*T | ¢©O0-3ES6°2 | BEIYY°0 | €0 396S°E | 20 3J0O0E®E | »0-328%°L | %0-3Ilve*t | vl60°9E I sE00°1 | 4 1
0'-"""-"'0llllllll-lllbIIIII-'lllliQllllllll||ll0Illlllll|lllbilllllllllllQlillllIllllloll!lllllllllOIOIIIICIIIIIOllllllllllllo
)} 10=3999°1 | 10-3966°2 | LLL9S°0 I 20 ALLT°L 1 00 39%9°¢ | 90-3TR0°9 |1 90-3€5%°€ | L000°0 i v002°0 [ 1 |
* S I R YRR PRPEEPEP RPN bttt L DL DL DL AL LRt td et bl dadadedndedntehabddbad 4
|

|

(1x3a () WV | (S)nVvY | *SN3d-N *SNIq~w CETS A

+

L] | WX | | Wi/ B0 | WM/8U I WO/83d43IN | WO/H3d3N | E=aah) | €C-aal 9 | HIONNN |
| :

SRETTETTTEEESS

N 9340 00°662 =dW3ILSWD 20-3000°1 =vOWv LV SIILu3d0dd IWNTOA LINO 40 AUVAWRNS

0lllll'l-lll'01||ll|liilll0Ill!llllllll‘l!lllllllll'0l|0||lllllll¢IIIll1l|llll0|llll|llllll0

| *0In I 0s°0 | 00°9 t 00°01 I 000°1 I 0°00S1 I 0°0001 I

0llllllllllllQllllllllllllQIllllllll'll0Illlll"ll'l0lllllll|llll¢I!ll!llllllloIlllllllllll‘

I *0In | 05°0 | 00°9 I 00°01 | 000°2 1 0°0001 i 0°008 - |

RS G SRR SR e R e D Al d bl lodadadaded 4

| *oI1 | 0s°0 ! 00°9 I 00°01 I 000°1 I 0°00% I 0°0%1 |

PO QR RS R e L PR P S L LD Rl Bttt et ol ok bt St Suindnbdedatededntadadal 4

| NIVY | 050 | 00°s I 00°00¢2 10020 I 0°0st I 0°0 i

P SR S T T S el L LDl e ettt bl 4

| | | | NOMDIW 1 Cuan/o | Syil3n | SH3L3N |

207



- «

[ PR P P P Attt R

* ‘e PR R et Rttt atat sttt Dbttt

1 20-305€°1 | 10-3€2€°3 | LES20°0 1 10 3241°L 1 10 3222°€ 1 S0-390%°L | 90-36L6°1 | 6281°2¢ I 0L00°2 | A4 |

0llll|ll|lIUIO|lllllllllll’llllllll'lllollllllllllllollllllllllll0Illlllllllll‘IIIIIlll-llloIllllllllllloIlllllllllllollll'lllllllo

| €0-3100°6 1 10-38%S°t | LES20°0 I 20 3920°T | 10 3€€w*% | #»0=-3TTI°1 | 90-38l6°2 | €4%2°801 | SO10°C | € |

PP G ittt Attt L Ll DDl Dol ittt 4

tmmmcceca= - = = —— = -

{ 20-30se°l | 10-3E2€°S | LES20°0 | 10 3241°L | 10 3¢22°€ | S0-390%°L | 90-36Lu°*l | 6281°2L | 0L00°2 | 4 !

- —————— ————— - - -

PO L SRR SRR ittt L TP L L L LD DLl okt deb il adnd &l i h ot it Sutatndnd dadadie

| 20~3€09°2 | <20-3L00°S | 6Ll615°0 { 10 368S°€ | 10 3LL9y°1 | G0-32%8°€ | G0-3L66°1 | €000 I 2%00°1 | 1 I

RSP QU I U PR PR ettt LR DL DL Pl DD bt bl dedebbedtnttebedatadeth 4

‘o= * o - ——— - - - -
] L3} | LD} | | WX/ 60 | WX/8U I WO/83d3N | WO/¥3d3N | E=aand i C~nabn 9 | 43onIN !
I (1x3a [ (1v2sS)a i 0038w | (8)nwv9 | (3)Wvo I (3)NV9 | (SIWV9 [ *SNIAO=N | *SN3I0-n | 43AVT I
¥ 930 00°862 =dw3L*wWD 10-3000°1 =VUWVT LV S31133d0da INWNTOA LIMY 40 AHVWAIS
* . LT Ty ——— T R e LTty el et el il 4 LR Rl * - +
I 10-3559°% | €0 3sL9°t | €1000°0 | 10-32L1°L 1 10-3%%€°6 | 90-3891°2 | 01-312L°2 | e6281°2L t o0L00°2 | ” i
* * -— P R PR e e P LS P PSR L L D L D D bt dd -t * - +
I T10=-3%01°c | €0 30S»°2 | E1000°0 I 00 3920°T § 00 320%°T | 90-3222°€ | 01-3280°% { €%.2°801 1 SO10°t I € I
* . D PP P GRS QUSRS PR A it S DL DL DB D DD L S lobded ettt dd b dnibddndaindnd it S
I 10-3%959°% | €0 3519°¢ 1 €1000°0 I 10-3221°L | 10-39%€°6 | 90-38%1°2 | O0l-312L°2 | e6281°2¢L I 0L00°%2 | 4 i
* . e R L R ettt EE L LR Lttt e e ntdaded dsbededed stttk A -—— - -
I to-36L€°l | T0-3BLI°S | 1%692°0 I 10-3685°E | 00 3ISST°E ) 90-3252°L | 90-39S6°1 | _€€00°0 I 2%00°1 I 1 I
* . [ PR QU I S SR e L L DR L L L L DL Ll Rtttk bl Sttt hthatnd Aadedettdattated bt ¢
| )] 1 2 | | wWi/da 1 Wi/8a | W3/7d43d3N |  WI/83daN | €~uahd | E-salW 9 | HAoWNN |
| (1x3)0 ! (1visi1a |\ 0Qg3gv i (M) Wv9 I (3)Wv9 i (3)nVv9 ! (S)IHV9 | *SN3U=N | *SN30-W | H4AVT |
N 930 00°862 =dW3IL*WD 00 3000°1 =vAWV LV S311¥3d408d IWNT0A LINN 30, ASYHKNS
* ‘- P ISR USSP et e et detededal etttk bt bt 6

I (0 369%°% | L0 3260°% | 00000°0 I €0=-32L1°L | €0-3%EL°6 | 80=-38£2°2 | »l-399%°2 | 6281°2¢L I 0L00°2 | ” |

0lllllllllll-oIlllllllllll0Ill‘lllll-llbllllllllllll‘llllllllllllbllllllllllllollllllllllllollllllllllll&llllllllllllOllllllllllll0

) 10 36L6°2 | L0 382L°2 | 00000°0 | 20-3920°1 | 20-309%°1 | B80-39GE°t | »[-3999°c | ¢€%.2°800 | GSO10°€ i € 1

* e L e D L D R P LD et et el Bl Al L indndindeded & Sinbaiatndaiebnindeinded Sadetedetetnietede bt b 4

.
i 10 369%°% | L0 3260°% | 00000°0 | €0-3221°L | €0-3%€L°6 | 80-38E2°2 | #I-3vvn*2 | e281°2L I 0cL00°2 | 4 |

- - - T " - -~ - —

P IR S Y S ettt T L L Dt e Ganbubbdd

I 10 3TT2°L 1 €0 38B2°S | #»3E10°0 | £0-368S°t | €0~3t€0°9 | 80-3£8€°T | 01-316u°T 1 €L00°0 | 2%00°1 I 1 |

* ,- P G IR QU PSSRSO SRt D e ittt ettt 4

| L] | Wi | | nX/80 | W3/40 | W)/83d3N | WO/43d3N | t=psand | Caaonw 9 | H3unIN |

| {1x3) 0 | (1¥J3s)a ¢ 00387y i (4)WV9 | (3)WV9 | (3)nvo [ (S)nvY | *SNIO-N | *SN3IU-W | [CEVS A |

% 930 00°662 =dW3L¢WD 10 3000°T =vUmV Lv 531133d0dag IWNTIOA LINM 40 AXVWWOS

0l'lllllllllI#IlllllllIlll’llllll'llllloIl|lll|llll|0llIllIlIl'lI&lllllIl-llll‘llllll-lllll0

i *0I1 ) 0Ss°0 t 00°9 I 00°01 I 000°< I 0°000% I 0°0002 |

- - § " - = - - -

N L e L L R Tt ettt ot

| °0I1 | 05°0 | 00°9 I 00°0tl I 000°¢ I 0°000¢ I 0°0001 t

* + e e T T D D D
| *0IN | 0S°0 | 00°9 I 00°01 | 000°¢2 | 0°0001 | 0°00€ I
- - S S S et e Dt ittt 4

I NIVY 1 08°0 i 00°S t o00°002 I 000°1 I 0°00t . b 0°0 t

P e R ettt datete e L DL DL Dbl Bl Dttt bt ok At g

i ] I | NOMOIW | taens/9 | Su3lim | Su3lan |
| *dW0D 1 2d | 12 i (300W) | ALISNGU d0iZ I 3sveZ |

208




. D L s e > e e = e e 0 - 5 o ¢ v OB > o > o " A e o - .

90=-3L6%°9 | €0-3L0(°1l | 88985°0 I S0 32L1°0L | 20 3969°9 | €0-36€S°1 | %0-3€E0"6 | 6281°2L I 0L00°2 | Y i
- P e e e s e o e o e T e B4 99 0 0 R O o e P S T 0 9 o o " i e e > e * *

|

%0-31CC°Y

.
I »0-308E°L | 88985°0 I 90 39L0°T1 | €0 3%00°1 | €0-360€°2 | €0-3SSE*L | €%22°801 | S010°¢€ | €
*

bbbl Sabddd et Al el D it L L R L R Y etk Bl L Ll T N e S RSP PRP W IPEPPES S P EPY

| €0-3L01°1 | 88985°0 I S0 32L1°L | 20 3969°9 | €0-36€S*1 | %0-3LE0°6 | 6281°2L I 0L00°2 | 4 |

20=3829°¢

* e P e Y o e e o " 5 O e o e g P -

€0-36LL°9 | 13505°0 I S0 366S°E | 10 3692°1 | S0-3L16%¢ | S0-35L%°1 | €€£00°0 I 24%00°1 | 1 |

teman —nm-

* e e e o o e e " e 4 e o e o e R

L)}
(1x3a

.
|

.

|

.

I %0-3L6%°9
.

|

.

)

|

I W | I LD 74:]¢ i WX/80 I WJ/83d3IN | WD/H¥3d3IN | E~pand I t-pak 9 | Y3BRNN |
| (1lvdsi)a | 00381 (3 nv9 (SIWV9 *SN30-N *SN3ag-wW 44AY7 |

v f i I
PR Y LT T LY PPy S ESESrSSSECRISEIEZZTSITISZTISIRE=SES
¥ 940 00°862 =dWIL*WD E0~3000°T =VANY LV S31iH3d08d 3WNTI0A LINN 40 ANVWANS

o b b Ll S St e D i L et it it e il Tk X P i ey R R Y

%0-3165°9

I €0=39L%°1 | BE9W»°0 I €0 32L1°L | 20 3009°9 | €0-321S°1 | %0-3€LL°9 | 6281°2L i 0L00°2 | v |

T D s e D e e e e T R e e ey e P e - -

90=-396€°Y

.
I 90-3E%8°6 | 689990 I %0 3920°1 | 20 3006°6 | €0-39¢2°2 | €0=-3910°1 | €%.l2°601 | &OL0°E { € i

Ll e e D D T ettt L D Bt ittt T T SR U S LA U G gy S g o g Sy QS Y

.
!
.
|
* *
I %0-3165°9 | €0=-39L%°1 | 8E9Y»°0 I €0 32L1°L t 20 3009°9 | €0-~3L15°1 | 40-3€LL°9 | 6281°2L t 0L00°2 | 4 |
. * il D D D el L D et el it T T P i Sy
I 20~-3682°C | 20-3€64°5 | LLL9S°0 I €0 368S°E | 10 3€2€°l | G0-3I%0°€ | S0-392L°1 | E£00°0 I ¢n00°1 1 1 |
. . L T T T e Ll T T e RPN L - - -
i I | [} ] | [ wX/80 I WX/780 I WO/¥3d3N | WO/H3d3IN | €-nund ! €-ann 9 | HI3unNN I
| (1x3)Q | (1v2s)a | *0Q38V | (8) nvo | (3)wvo i (3)nv9 | (S)WVY | *SN3U-N | ©*SN3I0~W | a3AVT) [
L g s e T R E e T T T e T e e e Y Y T T T T T T P Py T
X 930 00°862 =dWIL*WI 20~3000°T =vamwV¥7 LV SITL¥3IA0dd IWNI0A LINN 40 ANVAANS

* —¢mm satbeb it LD LIl L e et ELLL LS LA LT T T * *

| ‘o1 | 09°0 | 00°9 I 00°01 I 000°¢ I 0°000% i 0°0002 [

P e P W D - D - NS ) B S D . - - - - - - *

| ‘ol i 0Ss°0 | 00°9 I o0o0°0l I 000°€ I 0°0002 I 0°0001 |

tmm——— - R et e T P —— tm—— - * .

| oI 1 0S°0 ! 00°9 I 00°01 I 000°2 I 0°0001 I 0°00€ i

*- 3 - B D L e el e T e S L L T L 2 Y

f NIVY | 09°0 | 00°Ss I 00°002 I 000°1 1 0°00¢t I 0°0 |

trrnnw ‘- L L L Dl R e bt * -

| [ ! | NOWIINW | Cann/9 | SY3ILIN | Sy3L3n |

| *dn0d | 22 | 19 I (300W) Y 1 ALISN3OQ |} dolZ | 3svaz |

i1+ + 2 4 2 22+ 1 £ ¢ 1 3+ + 4 332 223331+ttt i1 1 3 3 221t 2 23 2 2t 2+ 4 1232 FE E T E X ¥ IS E S L PP F YT L F X3

209



QllllllllllllollllllllllllOl'!lllllllllollll!!llllllolllllllIllllollllIlllllllolllllllllIIl0llllllllllllQllllllllllllollllllllllll0

i €0-3L61°G | €0-3958°8 | 88935°0 I %0 3996°8 | 10 30l€°6 | %»0-3%26°1 | $0-3621°1 | 8220°6 | 6052°0 | 1 |
S ettt bttt Dol d bttt d

—— - 0lllllIlllll'0llllllllllll#lllllllllllIQllllIlllllllQ

[ 2] | ol | t Wi/80 | wWi/60 I WO/83d3N | WO/¥3d3N | t-oahd | E~oen 9 | HI3dnNN |
(1vis)a i 0038V | (4)WvO | () WV9 | (3)nv | (S)WVO | *SN30-N | *SN30-W | dIAVT) |

"3 940 00°862 =dw3IL*WD E0-3000°1 =vUnWV iV S31143d40dd INNTOA LINM 40 AHYWRWOS

0l-l'llllllll.l'llllllllll0llllllllllllollllllllllllQllllllllllllblllllll'||ll0llllllllllIlO'llllllllIllbllilllllllllolllll'llllllo

)} €0-3222°S 1 20-3lgl*l 1 6E9%%°0 | 20 3596°¢ | 10 3062°8 | +%0-3t68°1 | G0-399%°8 | 8220°6 I 6082°0 i 1 |

llQllllllIlllll’lllllllll'll0lll|l|llllll0l|Illlllllll#l-lllll-’lll0||Ill|llllll0llllllllllllollllllllllll0

* *
| WX | L] | | wi/e0 i WX/BU I WO/83d3N 1 wWO/d3d3N | E-asnd 1 t-aan 9 | HIonNN |
| xaao f (1vos)a | 0g38v | (4)WVO 1 (3)nvYy [ (3)nvy | (SYnv9 | *SN3U=N Ih *SN3U-n | mw><4 |

M 930 00°862 =dWIL*WD 20-3000°T =v(Uwv1 LV S3I1143d0ud IWNTI0A LINN JO AHTAWWNS

0ll'lll'lllll.llllllllllllO'llII!IlllllQllllll'lllllOlllll-ll'lIl0l|llllllll|l0IIIII!Illlll0llllllllllllollllll1lllllQlIIIIIIlI'I|0

y T10-3080°0 | 00 3852°% | Les20°0 | 00 3596°8 | 00 4220°% | 90-38G62°6 | L0-3pHE°Z | wWee0®6 I 6052°0 | 1 ]

Olllllillllllolllllll'lllloIllllllll'll‘|Illll|ll|ll0IllllllllllioIlllll!lllll0lllllll'llllQllllllllllll0|lllllllllll0Illlllllllllo

| n I Y | | wWi/ud ! WX/ud I wd/d3dIN | wWI/NH3dEN | E=nand I €=nan 9 | HaonlN |
(1x3 40 I (Lvds)a 1| 00387V | (#) V9 | (3)nvo | (I WYY | (SIWVS | *SNIC-N | SSN3U-W | 347 |

¥ 930 00°862 =dw3Ll*wWd 10-3000°1 =vUwvl v S3I1n3d0dd 3IWNI0A LINN 40 AHYKWRWIIS
* ——— ‘- [PPSR SRR S S PSR ES EEE S S RS S 8 28 Sttt Sttt taindinid
I 00 3%2L°€ | %0 30%6°2 | €1000°0 | 20-3596°8 | 10-3891°1 | 20-3589°2 | 11-320%°€ | 8220°6 t 6082°0 | 1 |
. * P SIS P I USROS SIS S S AEEE tatdat Dl td e S ettt
| [} ] [ W | t L V4 1¢] | Wx/80 I WI/¥3d3N | KWO/83d3N | C=aend | C=naW 9 | L ELT AL [
I (1x3 U | (1vIsS)a | 0038w { (Y)WVO | (3)nvy { (3)AVO ] (SInVY | *SN3U-N | *SN3I0-W | HIAVT] 1

¥ 930 00°4¥62 =dw3IL*wWD 00 3000°T =VvAWV LV S311i43d0dd 3WNI0A LINN 40 AHVWROS

olllllll.lllllbllllllll'tllollllllllllllblllli'lllllloII|l|llll|ll0|lllllllll!lollllllllll|lo|ll||lllllll0llllllilllllolllillllilllo

I 20 354S5°€ | 90 3€L2°t | 00000°0 | $0-3596°8 | €U=-3L1e°1 | 60-3L6L°2 | S1-3950°€ | 220" 6 I 604%2°0 | 1 t

0lll!ll!ll‘ll‘llllllllllllollllllllllllblllIlllllllloI!Ililll!lllOllll'lllllllblllllllllIllolllllllillllollllllllllllol!llllllll'l0

| WY | W ] | ni/da I WM/ HU I wd/83d3N | wO/23d3N |- t-nend | E~aanN 9 | ~4onft |
(ix3:0 | (LvIS)U 3 2039V | (¥)WVO | (3)WVO i () wvy { (SYrvoy ] *ShAU=N ] *SNI0-w | 43AV7 i

% 930 00°562 =dndl*w) 10 300601 =v0wv LV S3I1H3d0Hd 3nNT0A LING 40 AdVHNAS

i

P e e et e L Dl e it ettt o bt bbbttt ¢

| *0In | 0S°0 l 00°9 I o00°0l I 0%82°0 I 0°099 I 0°0Ef I

e L L R et ittt dahaiekatate et Dl el Rk Bl Dbt btttk bkt dabetbeth o 4

! NO¥DIW | teans/9 | SH3i3w | Y-EREL I
*dW0d | 2J I 12 | (30 | ALISNIU | gqulz | Isves |

210




cocvensalercccnTneenms ¢

- * *s L L L g R Y L Y L Ty e *

€0-39S&°8 | ©8398S°0 I %0 3596°8 | 10 30LE°8 | 90-3926°1 | #»0-3621°1 | 8220°6 I 60s2°0 | ! |

OCQIIIIIIODIIOIOIIIIIOIIUIIOQllllll'l'll!0l0||lilltlllollllllllll!lOlllllillllllollllllllllilOllllilllllll0

[} ] L} | | Wi/u0 | WHX/80 I WO/83d3N | WO/83d3IN | E-aand | E=na 9 | YIunNN |
x3a (1v2s)a 0038V (8)wv9 *SN3IC=N *SN30~NW 44AV7

..“”ﬂ'.""“.“"n.".““”“""”“n"“”uﬂ“"“""”""“ (2t 22 224334334 3t i+t 22 2 -+ 2 -+ 20 ¢ £ £

€0-3L61°S

- - ¢

.
|
.
|
|

"
"
"
f
H
L]
]
H
L
"
#
-
"
"
"

A 930 00°862 =dW3L*WD E£0-3000°T =VUWVT LV S3I[i¥3d0ud 3WNT0A LINN 40 AHYWWNS

e o e o e o m or 0 o R e e P T T O e o e e P - e e =

R L L LT T T Tur

. .
| €0-3242°S | <0-318L°1 | 6E9%%°0 | 20 3596°8 | 10 30892°w | %0-3266°1 | G0-399%°¢ | ©220°6 I 6082°0 | I I

Oilllll|lllllollllllllllllo|lllllllllllOllllllllllllollllllllllllollllllllilllo-llllltnilllolllllll!llllolllllllll!llolll!lllll!llo
[ n t 2] I i /80 | wx/740 I WO/83d3N | WO/¥3diIN | E=aand ] E=oakl 9 | dIBWNN ]
| (1x3)Q | (1v3s)0 (3)nwvo (SIWY9

EEEENREZTTEITRSHSITTZSS
3 930 00°w62 =dW3IL*WD 20=-3000°T =VUNVT LV SIILN3dOnd IWNTIOA LINN 40 ANVWWNS

llllllbllllllllllll’lllll'lllrliOilllllllllllollllII|lllll0ll-lllllllllQlllllllll'lltllllllllll‘lbl'llllllllllQ

L X Y
I T10-3080°T7 1 00 38%2°% | LES20°0 | 00 36996°8 | 00 3220°% | 90-35G2°6 | L0-3w9E*2 | ©220°6 I 6082°0 | 1 I
* o bl A i e et L e R e bt Lt S Ty S S U IS R SRR
| [ )] | L} | { wN/80 | Wi/dQ | wWI/H3dIN | wO/8dadN | t=sakd | C=aan 9 | LELDI |
[ (1X3)0 } (192S)Q | 0036w (3)nvo (S)Ihve [ *SNIU=N *SNIAG~NW -EFS A

pi i 2222 2323213+ 1233232 23 2+ P 3 11X PR R PR T

¥ 930 00°662 =dW3L*WI 10-3000°1 =vOwy LV SITLx3d0xd IWATOA LiNN 30 ASTWALS

P = " R o S R T E— T - " P e o e e e O e - -

*

00 392L°E 1 90 3096°2 | €1000°0 I 20-3596°8 | T10-3891°0 | L0-3589°¢ | [11-3¢0%°c | ©220°6 I 6082°0 | 1 |

B T B ) D e Y > ) o e e = o " - ¢

* —o—-

L 4

[}

*

I L)) | (3] | | wi/80 ] wWx/80 I WI/83d3IN | WO/¥3d3N | E~aend | E-oen 9 | HIoWNN I
[ (1x3)0 L} (1vds)a | 0036V (H)WY9 (3)nvo | (3)Wy9 (SIWv9 | *SN30=N *SN3IG~n d4AV
= = = = =

(2332232322223 23 3332 2+ 33 P2 33 2 2 4 311 ESESESRESSSZSEIEIRIS=ISSS=zs

3 930 00°862 =dw3Ll*wd 00 3000°1 =vUWV LV S3Ti83d0dd IWNTOA LINN 40 ANVWWAS

0ll'iil'lllll.!lill|llllll0|!lllll|llll¢lllllll!llllolllllllllllloll!llllll-ll‘llllllllllll0l!llllllllll0llll|lllll||ol|llllllllll0

I 20 38.8°C 1 w0 3El2°E | 00000°0 I %0~35%6°¢ | €0-3L12°1 | 60-3L6L%¢ | GU=3650°c | HZ2Q'6 I 60&¢°0 [ { |

0lll'lllilillollllllllllllOlllllllllllloillllll!lll-ollIlllllllll0lllll!'l!lllollllllll!lllo!ll!llll!l!l0lllillll!ll'ollllllllllll0

| (3] [} wH | | I/ 60 | W/ HU I wd/7d43d3IN |t wO/M3d94aN | t=oord | C=van 9 | e LI [

| (1x3)u | (192sS)u | 043wy [ (&)wv9 | (3)wvo } (3)nvy | (S)wvy I *Shau=N | CShIU=-W | a3Av] |
R RIS TS ST I I IR S SIS IS E SRR RS SIS E RIS S S SSS S SSCS IS UESESCCITSSIEESISSICSSTISSEICCSSSNSESSSSEZIESESSSSTEZSSsrszssss

¥ 930 00°¥62 =dW3L*WL T0 Q00T =vUWYT IV SHILNIA0AA INNTOA LIND 40 ANVWAGS

O o e e e ) o e e m e e e ar o} - - - = " - o = - - = " - -~

| ‘011 1 0s8°0 | 00°9 I 00°0t I 062°0 I utoeel I 0°0yy |

Olllll!lllllloIllllllllltl’llOlllllllll¢|’|ll|lllll!oilllllllllll0Il||lllllll|OIIIIOIIIII'I‘
| ] ] I NGadIw | Caansy | Sedidr | Sadlin i
ETA LY

211




* llolllLllllllll0lll|llIIlIIIQlllllllIllllOlll!'lllllllollllllllllllOllllllllllll’lllllllllllloIllllllillllo

20-310%°S | 00 3621°2 | LES20°0 | 10 3€6L°L | 00 3%50°8 | 40-3288°1 | 20-3169°% | LS%0°81 ! 8105°0 | 3 |

‘e R el 3

20-3002°2 | 00 3590°1 | LEs20°®0 | 10 398S°C | 10 3T19°1 | G0-3€0L°E | L0-3%5€°6 | %160°9t I SE00°1 | 4 |

* llIIil0llllllllIlll0l|llllllllll0Illlll!lllll#llIlllllllllollllllllll!lQllllllllllllollilllllllllollllllllllll0

20-310%°S | 00 3621°2 | (LES20°0 | 10 3€6L°T | 00 3I9S0°B | S0-3268°1 | 20-3L69°% 1 LS%0°yl I wl0S°0 i 1 |

PP T P DL bl 4

IIO'lllll'llll"llllll|'|ll|0llllllll|'lIOIIIIIIIIIIII0lll'lIlll|ll0l||llllll'll0ll

e L DL e D bl l e S bdintes Sttt

tomo-

| ol i | [ T4-1¢ | WX/ 84U I wW2/83d3N | WO/H3d3N | E-sand | E=aan 9 | SELL LY |

1vos)u o 0Q3vv | (H)nWv9 | (3)NWV9 1 (3)NWV9 I (S)nvo | *SNIU=-N | meumuu||W||||mmwmulllw

o & o= p o= b= b

(1x3)u | (U¥2SH)y | 0Q3vv 1 (w9 1 (wvo 1 (W9 L USiWeg ] TONAUERN 1 3
N 940 00°462 =dw3Ll*wd 10-3000°1T =vaWvl Lv S311243d404dd INNI0A LINM 30 AUVWANS
o= . lOlolllllllllllloIlllllilllllolll|l|l|l|l|¢l|0|0|||l|ll¢ll|llll|l|l|o|llll|l|l!ll¢ll'lllllllll0|l|||lllllll0

I 00 3298°t | %0 30L%°1 | ¢glo000°0 ! 10-3t6L°l | T10-39€€°2 1| L0-302€°S | 1I-3€08°9 | LS%0°81 I 8108°0 | € |

i L D L T LR

QlillllllllllolllllllilllloIlllllllllll0lllllllllll|ollllllilllllolIIIIIIIOIII‘lllllIlIIIIlolllll

) 10-3T1E®6 1L €0 30SE°L | €T000°0 | 10-398G°E | 10-3¢49°% | 90-3920°T | 0T-319€°1 | #160°9¢ I SE00°1 | e |

l|l'0llllllIIIIIIQIIIIIIII'IIIQll|lll|lllll0llllllllllll#lllllll-l!IIQllllllllllll0llllllllllll0|Ill|lllllll0

%0 30L4%°1 1 €1000°0 | 10-3€64°T | 10-39€E°2 | L0-30LE®S | 11-3e08°9 | LS%0°81 I 810S°0 | i t

-———— et

+*

00 3298°1
S T T et R S Sahabel bttt bbb S St

|
*

D] | L} | | WX/80 i W3/80 I WO/7u3d3IN | WO/¥3d3N | €-aad | E~oa 9 | ¥3unNN 1
|

(3)nWVO | (3)InV9 *SN30-N | *SN30-Hn d4AVT

¥ 930 00°862 =dwILl*WD 00 3000°T =vOwv1 LV S3I1¥3Id0¥d 3WNTOA LINN 30 AHYVWWIIS

P QU S S S T T R Y ettatetatatatate R E L LD DL DD Ll el ol et etttk Sl btk 4

* mm——--
I 20 3geL°l | w0 32e9°TU | 00000°0 it €0-3£6L°T1 | €0-3EE¥°*2 | 60-3%65°S | ST-3011°9 | £Sv0°BI I 8l09°0 | € |
. tm——— e T T e T T e e L L R L L LDl bt ot et el bl bl o it e i 4
I 10 38E6°8 | LO 3%81°3 | 00000°0 I €0-3985°€ | €0-3298°% | 80-3611°1 1 #»i-3¢22°1 | %i60°9¢ I SE0U°T | é I
* * P G S e e e T e L P R L L Ll R il b bk bbb e aidnd bl d bttt
I 20 38wl°l | ©0 3ILE9°T | 00000°0 { €0=-3€6L°1T | €0=-3€€%°2 | 60-3¥65°S | SI-3011°9 | LS%0°¢l I 910S°0 [ 1 |
* * [P G PP PR PP SPEL RIS R i Rttt L L L LR L L LD LS L Lt el Dttt ittt 4
| L} | Wil | . i WX/ 60 | WX/749G I WO/83d3N | WO/u3d3anN | t-aand | E-aam 9 | HATRWNN |
] (1x3)u | (Lvds)a | 0038w | (M)NVO | (3 hVY f (=R L) 1 (SIWVY | *SNAG=N ] *SNIU-W | LEJS A I

M 930 00°862 =dwIL*WI 10 3000°1 =vAWV LV S3IL1HIL0dd IWNT0A LIND JUO AHVRWIS

G e e o o o - e = = e = -

| *0I1 | 0S°0 | 00°9 I 00°01 I 005°0 b 0°0002 I 0°00¢<t |

P = o o = > e e = = = = = e = = = = n - = =

| ‘oIl | 0S°*0 i 00°9 I 00°01 I 000°1 I 0°00usT I 0°0001 [

P R R T E T E e e o § - T 0 = = = -

| *0I | 0S°0 | 00°9 I 00°01 I 005°0 I 0*000t1 I 0°00% |

L ek et N et bt et e
| t | I NOHDIW | Laan/9 t Sadlin |- SH313w |
i *dWOD i 2J | [ §0) ] (3goml e 1 ALISNACG | allZ I svel i

14 0009-005t1 *ND AH3HLVIM Hlvd 1-42

212




. -t lllllllol!llllllllll0lll|l||lllll0llllll|llIIIQIIDIIOIIIIII0ll||llllllll0Illllllllillolllllllll'll#llllllllllll0

| €0-3665°2 | ¢€0-3¥2v*» | 88965°0 I S0 3E6L°T | 20 3InL9°T 1 %0-38%Y°C | %0-36852°2 | LS%0°81 I 810s°0 I € |
0--"-'-"-"0IIIIII'IIIIIO-l‘ll'llll'l0l'-l0llll|l10lll'llllllll‘l-’llllll'll‘llll-l'lllllollllllll'lll0lIllllllllll’llllllllllll0
| €0-3662°1 | €0-3%12°2 | 83985°0 I S0 398G°C | 20 3w9E°E | $0-3969°L | %0-3L15°% | H160°9C I SE00°1 | r4 |
* * e I e B o e e e e e e e e e o o o e o 0 e 4 e e e o e 0 ) e e e e e e e e 0 e e e e 4 e e e
| €0-366%°2 | t0~-382%°% | @88985°0 I SO0 3€6L°T | 20 3%19°T 1 %0-38%8°C | %0~3862°2 | LS%0°61 I 8l0S9°0 | 1 |
‘oo tmww- e e e e e B = § = e " e o e 0 3 0 0 e 0 0 0 e o 0 ) 0 0 0 e 0 o o e ) e O o o 0 0 0 B e e e
] L3 | [} ] | | wi/760 | WX/HU | WO/783d3IN | W3/M3d3N | €=aan)d | C-nalW 9 | HIoNNN |
| (1x3)0 | (1v3s)d (8) WV 1 (3)inv9 (S)IWVO *SN3U=-N *SN3I0-W

X 940 00°862 =dW3IL*WD €0-3000°1 =vawVT LV SITLNIHONd 3INNTOA LINN 40 AHVWWAS

- e e e e i e e o e e e e e o e e > =

*
€0-39€9°2 | €0-3906°S | BE9YY°0 I €0 3E6L°1 | 20 30S9°1 | »0-3E6L°E 1| %0-3E69°1 | LSH0°wl t wl0s°*0 | t |

N T e 8 e e P e e 2 0 O O e e e e o e w0 e ) o o e o o

*
|
.
| €0-361E°l 1 €0-3e56°2 | BL9Y»°0 I €0 398S°E | 20 300£°C | %0-3L85°L | %0~3L3E°E | 9160°9¢€ I SE0O0°1 | é |
|

e 4 4 e e > B o e o e 0 O e e 0 T e e e e e o e A > = e o e e

.
€0-39€9°2 | €0-3906°S | BE9WY°0 I €0 3t6L°1 | 20 3089°F | 90-3EAL°E | %0-3E69°1 | LG490°8l I vlos°o | 1 |
*

e o o e e e o e e o o o e o = e e o 0 e > e e = e e e e e S o e e o o e o o e o

.

¢

.

| L)) | (2] | I Wi/ 60 | WX/80 I WO/83d3IN | wWO/83d3N | E~aend | E~nalw 9 LELTI |
| (1x3)0 [ (Lvds)a i 00387V ()WY ! (3) WYY (3)WVO (S)wWvY *SN3Q=N |} *SNIQ-NW HaAv
= = === =

L2232 222223 2 32332+ 3 222 2 2t 2 2 E S P P P X T T R T ¥ X 8

X 930 00°862 =dWIL*WI 20~3000°T =VUWVT LV S3I1¥3d0dd 3nNT0A LINN 40 AUVWWNS

G o > > D > > " - - - - - - - > - P = s b - - - - - -

| ‘ol | 0S°0 ! 00°9 t 00°0t1 I 00570 I 0°0002 I 0°00st i

O - - - - - > - " " = - - " - -

| ‘01" ! 0S°0 ! 00°9 i 0001 o 000°t1 | 0°00St 1 00001 |

O 0 e 0 e ) B i e 0 s e S o e e S ) - 0 0 ) S > P D o o e o - -

| ‘0l | 0s°0 I 00°9 f 00°01 i 005°0 1 0°0001 I 0°00S i
@ o o o e 2 20 o e e e o e o = e o . o e - -
i I | I NOHIIW | Caan/9 | SHAL3m | SY313n |
(300W) doLz | Isvez

14 0009~-00St ‘NI w3IHLIVIM HIv4 1-s2

213




'IO‘I-ILIIIIIIIO|I||Illl0l0l0llllllllllllollllllllllllollllllllllliollllllllllllolIlllllll'lloIIIIIIIIIIIIQ

20-3266°5 | 92:122°0 ! 10 3002°C | 10 3%61°€ | S0-3€%€°L | S0-3639°1 1 £052°C€ I ssg0°l I % i

llllllllICIOOIOIIIIIOIIIIOlllillllllllollllllllllll0IIIIIIllllllOllllll!llIll0IIIIIilﬂilllollllllllllllo

20-329¢e°1

-

20-36%¢°% | OETlis»°0 I 10 30S8°T 1 10 368%°¢ | S0-322L°S | S0~ ELEV - B o T A] I 8LIS*0 i l f

e e R L L P T L LDl ol ot ddtdedndadesind

20-3L19L°1

- -ll-l‘l.lllllll-l'llblllllllIllllolllllllll

00 ITTo°T 1 90195°0 | 00 368S°E | 10-3999°L | 90-329L°1 | L0-3vge’6 | 0000°0 i wool°o | 1 I

= - - T = -

10-3%49°S
PR R R G PP Y it ittt dedechedddat bbbt
i | ] wied | WAs8G | WO/¥3dAN 1 wO/83adn 1 t-askd | E-sew 9 | diowON |
Devy | (DW¥ | (5)reY | *SN3U=N | °*SN3U-W

L]
.pxwvc

oo b=

o @t —=
"

¥ 930 00°¥62 =dm3Ll*wd 10=3000°1 =VUwWV LV S3T1¥3d0bd IWNTVA LINY JO AuVARDS

Il0llllllltllllblll'll!ll-lIQllllllll'lllOlll!llllllllolllllllltlIIQIIIIIII|IIIIQlllllllllillOllllllllllllo

90 3%60°S | 20000°0 | €0-300L°€ | €0-3220°S | 80-3551°1 | €1-3€30°1 | Luse°t I 9s€0°1 | € |

PR P P S aitatabetel LD L LD il b Ll

10 3299°%

P L L e T R R R L DD Dt e o

90 3t1e1°l | S1000°0 I €0-30S8°1 | €0-3295°2 | 60-3068°S | €l-3vywy’s | 2802°0 I 8L1%°0 | 4 |

20 3809°1
lll-ollllllllllil0ll|lllllllll0llllllllllllollllilllllilolllillllllllOllltllllll!lollll!!lllllloIlllll!lllllo

*
|
*
|
.
20 3€19°t | €0 3Iv€e°*S | 88090°0 { %0-368S°€ | €0-3902°1  60-389L°¢ | 01-3949°1 | 00600°0 I %001°0 | 1 |
.
1
[
=

IolllllllllllloIlll-lllllllQillltlllllllollllllllllllb!lllllllllll'!llllllllll‘ollilllllllll0lll0llll|ll|0

[} ] [ | /60 | WX/ 80 i wWO/83d3N | WO/d3dAN | t=aand | €E-aen 9 | EELLISLY |

WM
(1x3)u (H)WY9 | (3)WY9 | (3)nv9 I (SINVY | .mZuClZ ] *SN30-n | au»«g

.
[
-
[
.
|
.
|
|
zzsxzzszeE=z=

N 930 00°862 =dw3L*wd 10 3000°1 =vOnmV) LV SIT143d0dd IWNTOA LINN J0 AYVARNS

. . -t - - - J e e R e e e DS L LR S L Lt D il Dt
I 10-32€S°6 | 20 3645°% | 93100°0 I 10-300L°C | 10-3660°S | 90-32L1°T | 60-3%81°2 | L0S2°t | SSeg0°1 f € |
. . * . cmea—e [ Y e T R T S L LT L L it - ———
I 00 3€2¥°1 1 20 30€1°l | 65210°0 | 10-3058°1 | 10-3250°€ | 10-3.20°L | 60-36%8°8 | 2€02°0 1 8L1S°0 | 4 1
. . tommcm—— . -—— S E Lt T Y e L L DAL L Lt Pl L bt el Ll
! 10-3L11°6 | 00 39668°1 | 8LOB®"O I 20-3688°C | 10-3TL2°% | 90-3L60°1 | L0-3wLe*S | 0000°0 { w»ool*0 [ 1 |
. . . - * R L ettt tabated TL L LD DL b Ll g - - -
] [} ] [} W ) | WX/780 | Wi/ 80 )} WI/H43d3N | wWO/¥3d3N C~nean) t E-nal 9 | H3onNN §
| (1x3)0 | (1vos)a | 00349V | (¥ nv9 | () Wv9 | {3 WV | (SInvy | *SN30-N | *SNI¢-w | d4AVT |
SEZETESTEEZSISEST "““"““"“"""“”""“"""""“""““""““"""""“"“"""“”"""""""”"""l"""""""“"""""" 33 3+ 3 I 3t Pt it 2 s+ 3t * P+t S S E S 2 2 2 ¢ £ 2

% 930 00°862 =dW3IL*WD 00 F000°1 =VAWV iv SIILHIH0Hd INNTOA LINN 40 AUVHR(IS

. - - ———— cacmtamm e e ———y - ——— cm————
[} *011 | 02°0 ! 00°9 1 00°01 1 000°2 I 0°000€ I 0°0001 |
tome * -— . P L T P PR P P e L e et d g -———— + cemca=s
| *011 | 02°0 i 00°9 I 00°02 I 000°1 I 0°0001 I 0°00S 1
tmm—mram— . - - P e L T L PR T L R L DDl L et ettt bt Dbt 4
| NIVY | 0S°0 | 00°S I 00°00% I 001°0 I 0°00S~ I 0°0 I
*- . -—— e T D S R R L Y el D DL Dl £ Lt el it 4
| | ] | NOMDIW | Eands9 | Sd343In | SY3IL3IN |
[ *dn0d [ 2d | 0 1 (3gowry i ALISN3G | ao»N i svez |

214




PR IR SR SR S S e o TR DL PR P L R L L R L L S L L L LAl Lt Dl

e m—wnn ———t-

toww *
I €0-3129°C | £0~-3860°L 1 LILIS®O | 60 3004°C | 20 3981°T | »0~3922°2 | %0-360%°1 | L082°C I 9S€0°1 | € |
* * L L ] - * T N L T L L L T P P T T T R R L e T LT L 2 L2 L * - -
I 20-3%18°1 | 20-3886°2 | 6990S°0 | S0 3068°T | 10 39LE°2 | S0-3909°9 ) SO0-3L%E°t | 2€02°0 I 8L15°0 | 4 1
* * - - P -y T S e o e A - e e P - L i - - +
| 10-3958°9 | 00 39S€°1 | 13605°0 I %0 366S°E | 10=-3S%€°9 | 90-36S%°1 { L0-3S2E€°L | 0000°0 I %001°0 | 1 t
* * llllollll'lllllllQQlllllllllllollllllllllllollllllllllllollIl||lllll|0|IIIIlllll-lolllll!lll'!loIlll!lllllll0
| L} | (2] I | wii/e0 | W)/80 I wWO/83d3N | WO/¥3a3N | E-aehd | C~aam 9 | HIuWNN |
| (xNa I (1vds)a | 0038V | (4)WYO | (3)wv9 | (3)AvO | (SIWVS ! *SN30-N | *SN3IA=-wW | 43AV7 |
EEESEESSEEREEZIEXSESSSSESESSSSISCSSISCSCIECRESSITSESSSSSS SRS SRS SSE S SIS S E S S SR N E S I T NI SIS ST SIS RS SIS RSSIIZSIIES SERSSTERSS=ISSSS

¥ 930 00°862 =dw3i*W) €0-3000°1 =VQWV LV S3IILH3d0¥d IWNI0A LINN 40 AUVWWNS

- *

——— -

N T L T e P P T P P R L L e e L el LT

* * -
1 £0-3220°E | €0-3g92°5 | 9528%°0 I €0 300L°C 1 20 36E%°1 | &H0-360€°C | %0-3L65°T | 10G82°¢ I 85¢€0°1 t € |
* * PR PR PR s R R e e TR PR R P L P R L R TRl R Dl bt b Dt el b d Sadntaded Sttt St 4
)} 20=-3182°1 | 20-3cls*2 | @86115°0 I €0 30688°T | 10 3I8L°€ | SO0-31iL°L | SO0-36L6°E 1 2E02°0 I 8L1%9°0 | P4 |
* * R Ty e e et L T PP R L L PR T LR L R Dl e D Rl D bl el R ettt ik b deddd bmmm- -
b 10=3494°9 ) 00 32L1°1 | 19LLS*0 ! 20 368S°C | 10-382%°v | 90-38L%°l | L0-32€S°s | 0000°0 t %001°0 | 1 i
* * - P o - tm- llollllll!-lllloillllllliiliQIIIIIlllllllQIIlIIIlI'lI|0lll|llllllllOllllllllllilo
| WY | L} | ] (12,74 °1¢] I WX/80 I WO/83d3N | WO/H3d3IN | C-aaWd | Conan 9 | H3IonNN |
| (X a ! (1v2s)a | 0034wV | (H)WVO I (3)nvo | (3)wWvo ] (S)wvY | *SN3U=N | *SNIU=N | CEIN A |
I.l.lllﬂﬂlﬂll“““”l“"""“""“"“""H""""""N"""H““““ﬂ“""“"”H“"H“""N"""NN“"“"H""H“"H"H“"H""""HN""““""H""H""""“"""“"“"H"“H“MH""“"H"N""H""““

S 930 00°862 =dwIL*WO 20-3000°1 =vOWVT LV S3TLH3d0Hd IWNTOA LINN 40 AHVWWNS

P T L T e L B LS L bt At bl Dl Lttt il 4

| ‘017 | 02°0 | 00°9 I 00°0t | ooo*e I 0°o0ut I 0°0001 |

PR R S e T R PR R R L e R R AL DL L bl b b Dttt Sk bl ol obd bt g

i ‘oI | 02°0 | 00°9 I 00°02 o 000°1 I 0°0001 I 0°00%

- o U o - - - e e D - - T -

L Aadadod *
| NIVy | 0s°0 t 00°s | 00°00% t 0010 I 0°00% I u*0 |
oo . S e T T T L L L L PP P P L it D g
| | | I NONDIW | Eaan/o | Sd413k | Su3lan |
| *dW0D | ed i 12 | (3UOW) Y- ALISNIU | doiz | 3sveZ |
IEEZSIEEITCEIEESESSSSSEISSSESSSSSCSSIISCSSS=SSICISESSES2SSISSISSSSSSSSSITSSSRSITIITIRIIISSS
dH/WW $°2 NIVYy BLIM SOTNNND 2=9¢
|
.

215



ll0llllllllllllQllllllllllllolllltlllilll0llllllllllll0lllll|llllll0llllllllIlllcIIIlllllllllQIlllllllllll#

. . -—
| E0-3018°9 | <¢0-3966°2 | 82122°0 I 10 3T0%°L | 10 388E°9 | #»0-369%°1 | S0-3BEEL°E | #»109°9 I 11202 I € ]
* . |llolll!llllllll0ll||lll|lll|0llll!lll!llloIlllll!llll|olllllllllll|0llllllllllllollllllllllllollllllllllllo
I €0-3L€L°8 | 20-3%21°2 | 0OEllv°0O I 10 3002°C | 10 36L6°% | %0-3w%1°1 | G0-3L0L°% | €90%°0 I G65e0°1 | 4 |
* * PRI IPII S GEIpEIOR Y PP SEP S PSSP $9 2 IS 1SS itatntataintoind bttt
I T10-3sgt°l I 10-3€E20°2 | 90195°0 1 10 3v6L°l 1 00 3€EB°E | 30-3218°8. | 90-39v6°» | 2000°0 t 120S8°0 | t |
+ - I GNPV P OIS RSP YR SRR SO SR 9 S Sttt dellb et S 2 Attt d
| [ D] | L] 1 | WA/HA | WX/80 I WO/¥3dIN | WI/¥3d3N | £~aahd | C=auh 9 | o 3unnN |
i (1x3a I (1v¥3S)1a | 00347V | (Y)WVO 1 (3)Wv9 | (3)INVY9 | (S)WVO | *SN30-N | *SN30-w | H3AV] |

% 930 00°862 =dw3IL*WD 10-3000°T =vUwV1 LV S3IIL¥3d0dd IWNT0A LINN 40 AYVAWNS
+ * - llollllllllllllolllllllillllol!llllllllll0|lllllllllll+Illllllrllliwllllldllllllollllllllllllollllllllllllo
)| T10-3992°% | 20 3062°2 | 98100°0 | 10-310%°L | 00 3020°1 | 90-3%%€°2 1 60-383€°% | %105°9 I 1102 | t |
. * llllbllllllllllll0|llllllllll|ollllllllllllol|llllllllllAllllllllllllollllllllllllolllllllIllllollll'lllllllo
i 10-3STT°L | 10 3059°S | 65210°0 I 10-3002°€ | 10=-3%1i°9 | 90-350%°1 | 80-30LL°1 1 €90%°0 | SSe0°1 | 4 {
* * -— l!l!lll0llllllllllllollllllllllllollllllllllll#llllllllllllollllllllllllollllllllllilollllllllllllo
| 10-3€28°1 | 10-3€6L°C | 8LOBY®O | 1o-3%6L°1 | 00 398€°2 | 90-3%8%°S | 90-3LE9°2 | 2000°0 I 120S9°0 | 1 |
* . llolllllllll|llollllllllllll0|lllllllllll0|l||llllllll0||lllIll|Ill0ll|lllllllll0lllIllllllllollllllllllll0
} L} | W I | I/ 80 | WX/80 | WO/7d83d3N | WO/¥3d3IN | €-aand | E-sal 9 | HYITWNN |
| (1X3)Q t (1v3s)a 0038w i (4) NV | (3)nv9 | (3InvO | (S)nvO i *SN30-N | *SN30-W | CE/S !

¥ 930 00°662 =dW3L*WD 00 3000°T =VAWV LV S3I1133d0dd 3IWNI0A LINN 40 ALVAWWAS

PO PP I PRSI S SR SR S e L A et Lt S Rt L bttt Sttt bt bttt bt S St b bedtdnd 4

t 10 3TEE*Y | 90 ILHs°2 | 20000°0 I €0-310%°L | 20-3%00°T | 80-360€°¢ | €1-3926°€ | 4105°Y 11202 | € 1

+* * [P QPP P L LRI YEpEpES " PSRRI ettt e D Lot ol DRt DD Rl e b G a4

I 10 368%°8 | G0 3€S9°S5 | Slo00°0 I €0-300L°E | €0-3%21°S | 80-38L1°1 | 21-363L°1 | ¢€90%°0 I Gs€0°1 I 4 I

- ———————_ - = i ——— = - - - -

PPN QPRI SR IR R ettt Rl DR L D P L el et bl k ot i dd

I 10 3922°L | t0 3L81°1 | ¥8030°0 I €0-3%6L°1 | €0-3020°9 | @0-3%8€°1 | 01-3G2%°8 | 2000°0 I 1ebs*0 I ¢ [

[ R I R Y PR A A et E L R B L Dl el kel Dl e e ntadaded et 4

. .
1 WX i D] t | WX/8d | WX/80 I WO/83d3N | WI/¥3d3N | €-nend I €-aaw 9 | H3unwnN |

t (1x3)a | (Lvds)a | 0Q387V | () WVO | (3)hVO I (3)WV9 | {S)WvO I *SN30=-N | *SN30G-W | HIAVT !

¥ 930 00°862 =dW3L*WD 10 3000°T =VUWV] LV S3ITL143d08d 3IWNI0A LINA 40 AHVWRWOS

P R ittt e Dl A i e it - -——— m———- -

| *017 | 0e2°o | 00°9 I 00°01 I 000°% t 0°000% I 0°000T |

Qllll‘l’lllllollllllllllll’llllllllll-lQ-lllllllllllOlllllllIllll0|||||I|l|'||OlllllllllllIQ

' | coln | 0o | 00°9 i 00°02 1 000°2 I 0*0001 b 0°00% |

0|Illll|llll|0Illlllllllll’lllllllll'llOllllllllllllo'llllllllllI0llIlll'lllllollll‘lllllllo

| NIVY | 0s°0 f 00°S I 00°00% I 00S8°0 i 0°00% I 0°0 |

0l||lllll||llbIlllllllllilblllllllIIlll0lllllll'llllbll"llllllllOllllllllllllQIIIIIIIIIIIIO

| | t | NOYDIW | Coun/9 | Sd4313w | SY3L3IN |
> dW0J i 22 | 8¢} | (300W)d | ALISN3O | d01Z svez |

216




Vllllllilllllbllillllllllloll-ll‘llllllollllllll'lllolllillllllllbllll ————— - * B 4

* <
I t0-39€8°1 | €0-36%S°C | LTIL1S°0 I S0 310%°L | 20 30L€°2 | H0-38%%°S | %0-3816°*2 | #»10S°9 I tlLo°e | € |
* * EL Y LD LT L 2 d - o - - > O P W S - e e o D e e -
| €0-389S°L 1 20-3%6%°1 | S39905°0 I 60 300L°C | 10 3u%L°S | #H#0=-3J12€°*1 I G0-3969°G | €90%°0 | 8S€0°1 | 4 |
P T T PR TR L PP Y T Y LY T - - = - " - - - - v o - LT R L LT Y )
I 10=-3TL€°T1 | 10-321L°2 | 19505°0 | G0 3961°1 1 00 3€L1°€ | 90-3t62°L | 90-3489°C | <¢000°0 | 120s8°0 i 1 1
* * LY L . T e et Lttt ettt At addltetelai b datedutetetadatatatedeld Sd L DD Dl Dbl d d ol obdededatalededted ol 4
| ()] [} L) | ] /80 | wix/8d I WO/83d3N | WO/H3d3N | E=aand [ Lenan 9 | HI3unW(N |
| (1x3)a t (1vJdS)a | 0038V | () nv9 l (3)IWV9 [ (3)WVO | (S)WVY | *SN30-N | *SN3I0~W | YAV |
333 I Iz I I I T i i3ttt ittt ti 1t it ittt it ittt ittt 1ttt -ttt i eSS ESESIIIIsS==Z=SSE===z===S sSS=Ess=szs=zssEs
¥ 930 00°862 =dwIL*WD €0~3000°1 =vOWVT LV SI11N3d0dd 3WNTI0A LINN 40 AHVWRNS
* * - D e 2 W P s o O o o 20 - 20 2P O - - . *
I E0=-3T1IS°T | EO0-31EI°C | »3528%°0 I €0 310%°L 1 20 36L&°2 | H0-3819°9 | #0-3€61°C | %»105°9 I 11202 ) € |
* . L L —- - e 0 0 D W e O s = . - - - -
| nolwcﬁc.o I 20=-3482°1 | 8511s°0 I €0 300L4°E ) 10 3I9L°9 t %0-3»SS°1 | 60-3856°L | £90%°0 | SS¢t0°t | 4 |
+ * o 0 e 2 0 ) e e e D e e e T e B e o e e > o > = - - - * -
! [0=-3€SE°T | 10-39%E°2 | 19LlS°0 I €0 3%6L°1 &+ 00 3%12°t | 90-3BBE*L | 90-39%2°% | 2000°0 I 12050 | 1 1
* +* - Y - L - - O - - O e 2o - - - - - + - - *
| L 1 I [ | wi/8da | WH/80 | WO/¥3d3IN | WO/H3d3N | C=aand { E=aal 9 | ¥3anNN i
| (1x3H0 | (1v3s)a | 0034V | (H)WVO ) (3)WV9 [ (3)nvo | (S)IWVO | *SN3g-N | *SNIA~W | YaAvI |
RS REESI I EEE S EsS ST nES S SEnS R A A i e A Pt s f i Pt i P - F E X R R X Y P P P 3 P P F T TP T I P T T P T LT 3

¥ 9340 00°662 =dWIL*WD 20-3000°T1 =VOWVT LV SITL¥3d0dd 3IWNT0A LINN 40 AUVWANS

+* * ——-d e - ———————— e o > - - - - § W - - -

| *oIM | 02°0 i 00°9 I 00°01 I 000°% I 0°000% I 0°0001 |

D T R L T L R e R R L T e e e

! ‘01 | ve*o | 00°9 I o00°02 I 000°¢2 I 0°000t I 0°00% |

P " = > e " e - - - -

| NIVY | 0S°0 I 00°s t 00°00% I 0080 t 0°00% I 0°0 [

D el el T D L et e T T e el Bl LT e e i 4

| | | | NOWDIW | Eanndso | Sy3ilin | SH3L3n |

| *dW0D [ 2d | 12 1 (3gow)y | ALISN3CG | dotz i ww«rN I
EESSSSSSSSNSSESSSSTCSSSSSZCESTSSSSSSSSTZICTICSSCSSZSCSCZCSSSSSSCEZISSSSSESISSSSSRISSESIESSETIZTZSSISS

UH/Wi 21 NIVM HLIM SNINWND £-G¢

217



| om e @ o b= -

* . -—— > - - - - - . - - - - - * * - *

00 3Lee*tl ﬂ 10 3€0S°S u 62%20°0 ﬂ 10-3%6L°1 ﬂ 10-3%G2°¢t “ hc|u~®¢.w M lmmnmmwm“M|w 29€€°0 H 610S°0 u s w
10-3€89°9 ﬂ 10 wmmMuMlu|0Mm¢NQMM|llﬂ —oluhmmumnﬂllMOHMOcm-o H oocuooqow | |molWNMMHMIwllmmwmwmlnllhlommmm“MQ--QHIIlllIlN-I-lw
10-395€°8 ﬂ 10 309%°¢ ﬂllmNamo.elllﬂ —oluohMHM|ﬂl|Mm“memumlﬁ||Mo|wMMMn~lﬂl mmnmncoom I 6LES°0 u 1€08°0 u . € ||M
00 3e9L°1 ﬂ 2o wcom.moﬂ|UMMmco.c ﬂ —onwmo~.wuﬂ| -oouMMMHM|ﬂ||Mm“W—Moum ﬂ 60-3161°1 N 6651°2 Mllmmom.o u 2 u
00 3%01°¢ u %0 305%°*2 ﬂllMﬂmmmnc ﬂ moluoso.~|ﬂ| ~olwmoMnﬂlﬂ||MMHMMMMMM|Ht|MM”mmmo.Q ﬂ lcth.o~ I T10€°0 i { |
o e T T T T a1 wwE0 1 worwaddN 1 WO/M3GIN | Gossbd 1 G-ssW © 1 W3wON |
(L1x3a | 1vis)a | 0a3ev | (M) WY9 ! () Wvo | (3)nv9 |w:alwmwmmmuunhnuumwnwmwuuuhnuummuwmmuunhuunnmwwwuunnh

¥ 930 00°862 =dW3L*WD 00 3000°T =VAWV LV S311¥3d0dd 3WNT0A LINN 40 AYVAWNS

S e m R R e et - = > = = = o o P = P - = - -

20

3ESLT | S0

3186°S | 62000°0 I €0-3%6L°T | €0-318%°2 | 60-3€0L°S | 21-3219°1 t 29£€°0 I 610S°0 | S 1

10

L9L*8 |+ SO

temrcncacnea—e §m—- -——— - - " - — - - - - ——— o } " = = -~ - - ———

3066°2 | 62000°0 I €0=3L8S°C | €0-3296°% | 80-4I91°1 | 21-39%€°E | %219°0 t 8E00°1T | Y 1

20

3960°1 | SO

R e A e L el it Tl T Sy SR DY

3BEL°E | 62000°0 I €0-3048°2 | €0-3696°€ | 60-3521°6 | 21-35L9°2 | 6LES®O I teo8eo | € t

20

b

8Lt 1 90

i St Stntadbal e e it A ettt ld e D R e bt L S T T RPNy PP

3n66°8 | 20000°0 I €0-386L°1 | €0-36E%°2 | 60-3L09°S | €I-3211°1 | 6651°2 I €205°0 I é t

omam @ e e e g @

. el D e ata Dl D et L L L it ettt Ty PR U,
20 3646°2 | 80 382.L°2 | 00000°0 I €0-3920°1 + €0-309%°T | 60-396€°C | GST=-3999°C | #w12¢°01 I TrotE*o | I I

- . Lt et e Rt ket il bt T SRR SIS S Y

()] § )] | | Wi/80 } [ T4 1] I WO/83d3N | WO/¥3d3IN | C=aend | E-saln 9 | HonnN’ |
(1x3)0 | (Lv2sS)a | 0038w I (M) WVO I (3} WV ] () WVY | (S)wvo [ *SN3U-N | *SN3d-w | H3IAVT !

X 940 00°862 =dnW3L*WI 10 3000°T =VUWVT LV SITLI43d0dd FWNT0A LIND 40 AHVAWRAOS

*- * - L - ——fm—- D T
| *0IN i 0€°0 | 00°S I 00°02 I 00S°0 I 0°000€ I 0°00%2 1
* + B E - —— - - - = - - - - - - - - *
1 ‘oI 1 €0 | 00°S I 00°02 I 000°1 I 0°00682 i 0°0002 |
. ey —— e —o- —-pm—- + - -
| *0I7 i 0€°0 I 00°S | o00°02 | 008°0 ! 0°000e I 0°0091 '
* * * * LI PR P TP L L LT Ly 3 LT *
| 01N | o%°0 1 00°Ss I 00°St I 00S8°0 I 0°0091 I 0°0021 i
tm—— * EEm e n e E e o) - .- - -——-— - - - - -} -~ -
§ *0I [ 0S°0 | 00°9 I o00°01l I 00€°0 I 0002t I o0°000t |
- - ——t- - B b O b et L T T Y
t | | 1 NOHOINW | Cann/o | SY3i3W | S¥3L3AN |
| *dN0D i el ] 1 | (300W)Y 1 ALISN3IQ | d01Z | asvez |

13 0006-000€*SNLSIONOI SNINWND AT

218




* * toww * L 4 tmmocnnncremnweé - L 2d +* - - - -4
1 20-3T%1°1 | <20-3692°2 | 8L205°0 | €0 3%64°1 | 10 3218°€ | S0-3%9.°8 | G0-390%°% | 29€E*D I 6105°0 | S 1
* * * * +* tma- - —wmnw--d * * -
I €0~3804°S | 20-3SC1°T | 8L205°0 I €0 328S°t | 10 3529°L | %0-3€SL°1 | S0-3€18°% | 9219°0 I 8E00°t | ” |
* . * -y Y * - - - - = > 2 i o s e -
| €0~32€1°L | 20-3B1%°1 | ©L205°0 i €0 3028°2 1| 10 3001°9 | %»0-320%°1 | 6G0-3050°L | 6LES°O I 1e08°0 | € |
. . -—e + R Ty X L L e L T Y TP P 2 - - - reccaned
I E0~-35L1°S | 20-3€80°1 | LLL%*O I €0 3s64°T | 10 390%°8 | #0-32€6°1 | G0-31€2°€¢ | 6651°¢ | €20S°0 | e |
* * * - b - L L L T T e Y T T L T 3 tm—- P P Yy
| €0-3v6C°% | €0=-3E98°6 | 6E9WH*0 i €0 39L0°U ) 10 3006°6 | %0=-3922°2 | %0-3910°1 | %i28°01 I TroE*0 | 1 !
* * L T T L Y T T T Y et L TR L P T PR L P L L L LI IS DL el L L Lt b d
[ [} | Wi | I /80 | WX/80 | WO/783d3N | WI/¥3d3IN | €-nahd | E~auhh 9 | HIYWNN i
| (1x3)0 | (1vdsi o | 0038V ] (M) WHYO | () wWv9 | (3 V9 I (SIWVY | *SN30-N | *SN3A-W | ¥3IAVT |
I I YT T it i it Tt Tttt st P Pt 2 3 3 P PR T P A A I F s F I T E P P P E T P 2 E 2 2 33 F 2 2 3 F 14 S i i R R b b 2 2 B b 4

¥ 930 00°862 =dW3IL*WD 20-3000°1 =VOWVY LV S3ITLY3IJOHd IWNT0A LINN 40 AHVAWNS

¢ + *- Ll D il et bttt T I et e T e R T b 2
| 20-3190°2 ) 20-3L6E°5 | ¢€528E°0 { 10 3%6L4°1 | 10 3501°2 | S0-36€8°v | GSO0-3€ES8°1 | 29€EE°0 i 6l0S9°0 i S )
* + P e L S bttt et ettt T e et L L il 2 RS
I 20~-3c€0°1l | <20-3669°2 | €6528E°0 I 10 3L8S°E | 10 3602°% | S0-3L19°6 | GO0=-390L°E | H2L9°C I 8e00°1 [ L4 |
* S L e L R e e N e R e O e R T o R T T Y
i 20~3262°1 | 20-3€4E°C | €£628E°0 I 10 3048°2 1 10 389E°€ ) S0-32%L°L | S0~-3996°2 | 6LES°D I 1€08°0 | € |
. . L T L L il ettt ittt D L R et Ll e e el e D T TP
| 20-35%1°€ | 10~3E6%°1 | 65012°0 I 10 3864°1 i 10 3€BE*L | GO0~-30RA1°E | 90-39%9°9 | 66S1°C I €205°0 | é i
* * -—— Bt D e L T R L T S L L L L L
I 20-3100°6 I 00 3BYS°E | LESE0°0 I 10 3940°1 t 00 3€€8°% | SO-3TII°1 | LO~-3wle*2 | wice*0l 1 110€°0 | { |
. . ————e . * - L it Sl il Sttt Rl e Y L TP EP Y
¥ 3] [ [L}] | | Wi/84 i wI/80 I WO/23d3N | WO/H3dIN | [ 3R] e | €=k 9 | LELLILY |
| (1x3) 40 | (1vosia | 0038V | (M) WVO I () VY | (3)WVY9 | (S)wvy ] *SNI0-N | *SN3IU-nw | H3IAVT |
[2 2 3t i e e T Y e L T e  E Y e s L Y T Tt P E T T T P P PRI T P PR T P E T P F PP T

¥ 930 00°862 =cW3L*WD 10~3000°1 =vawV¥ LV 31183d048d INNTIOA LINN 40 ANVAWAS

tm—- - e e o ey e O 9 P o O - G o e v s § -
| 011 | 0€*0 ! 00°S . I 00°02 t 00s°0 I 0°000¢ I 0°00%2 |
. - 1 * O o 49 o = 0 P - S P - > e - - - -

| ‘01 | 0€°0 1 00°S i 00°0¢2 I 000°1 I 0°00492 t 0°0002 i

G e e e e P e T o e e e ) o P e e O o e - " o

| ‘oI | 0€*0 | 00°s t 00°02 I 008°0 I 0°0002 I 0°0061 |

G S P e e P e e e T e e Y 0 o W D

| ‘o017 | 0%°0 | 00°s I 00°sl I 00%°0 I 0°0091 t o0°0021 |

o > 1 R S T D e e e o ) e 2 D e e o ol o e o e D - - -

o) & I 0s°0 | 00°9 I 00°01 t 00€°0 I 0°00ct I 0°0001 |

- 0 D W G P TP D TS T W o P T e W B e e B e > o > - > . 00—

+*
| | | NO¥JIW | Enan/y | Sd4l3n | Su3fan |
| Isvez

[T

219



* * olllIl!lllll'ollIOIII..IIllo|Ill0|llllllQIIOIIIIIIIIIolltlllllllllolllllllQllllo ——— - L kg
i 20-3%9e°l | ¢0-3889°2 | 2LL05°0 | 50 36l | 10 3LBT°E | g0-3L2€°L | S0-302L°E | C9EE*0 - | 610S°0 [ S |
* * - - lllllllollll!lllllllolllllllIl'lIollllllllllllol'lllllllitto - * BN ettt 4
I €0-3928°9 | 20-3vvE°l | 2LL0S5°0 | <0 3185°€ | 10 3SLE°9 | ©0-359%°1 | S0-30%y°L | $2L9°0 | 8£00°1 I v |
. * - . o= - P e atatatatatabl deddd t—— ; P ittt 4
| €0-30€5°6 | 20-3089°1 | 2L205°0 ! <0 30.8°2 | 10 3001°S | »0-3221°1 | S0-3256°S | 6LES®D | 1€08°0 | € i
* . - * llllollllllllllllol||ll|||l|llollllllllll|loll|I0| * . - *
| €0-30%€*9 | ¢2o0-38le°1 | 12025°0 1 <0 3s6L°1 1 10 3198°9 | 90-3025°1 | S0-3€le*8 | 66Sl°e | €205°0 | 4 |
* * * * llollllllllllllo'ilollllllllollllllllllllo —— - - -
{ €0-31cc*y | €0-308E°L | 88985°0 { 0 3920°1 | 20 3w00°1 | ©»0-360€°2 | %0-385t°1 | #128°01 i troeo | 1 |
L4 . - - lll0lllllllllll|0llllllilllloolllllllllllloi r——— - .
1 WY | W | | Wx/80 | WX/80 | WO/7d3d3N | WO/¥3d3N | (XY M) | C-aan 9 | d4anN |
| (1x3) 0 | (1vds)a | 0Qg38v | (Y)WVO | (3)WY9 | (3) Y9 | (S)nv9 | *SN3IG=-N | *GN30~-W | Y3AvT |

N 930 00°862 =dW3L*WD £0-3000°1 =yQWv LV S3ITLH3d0¥d 3INNT0A LINN 40 AUVWANS

- * *- ——— ,—epecccmaccccaston + Ll bl 4
| *o0I1 | (11 | 00°S \ 00°0¢2 | 00S°0 1 0°000¢ I 0°00S2 i
. ——g—- lllllollllllllllll4Illlllllllllollllllllllllollllll,ﬁl|lll0ll|l0llll||l0
| ) I - vE*o | 00°S I 00°0¢2 I 000°1 t 0°005¢2 I 0°000¢ |
* tm—- P m-- - - o o W o o e o o o * -
| *0I1I1 | 0€°0 | 00°S | 00°02 I 008°0 1 0°000¢ I 0°0091 |
* - * * - Qllllllllllll0lll|llllll|lOllllllllllllo
| *oIN | 0%°0 | 00°S I 00°S1 | 00s°0 I ¢*0091 i o0°o02t |
e . *- OIIIIIIIIIIIIOIIIIlllll|!l+lllllllillllollllllllllllo
| *0IM i 0S°0 i 00°9 1 o0o0°01 I 00e°0 | 0°00ct i 0°000t |
L Aad - +* + - 0llll!l.lillll0llllllllllll0OIIIIIllllllollllllllllllo
| | I I NO¥OIW | Coan/Y |} S¥313m | Sy3L3IN |
| *dnod | 2d | 12 i (300W)Y | ALISNICG d01z | svez |

220




X 0¥a ¢l2=dNEIl IV HDI HOd AHAQV € 'NTVA »

tromcnneneonsd

| 01 |

L * - * - * * comeede- * * -
| 20 %6g¥y°2 1 €0 FOG6°2 | L€CH0°'0 | TO-HGwy'T | €O0-Hg¥l°T | 60-NgT0°% | OT-X0Se*€ | 8211°0 t L002°0 I # 9 I
* * *=a . * . tocmanmw - * - 3 - .
| 10-306€9°S | 20 3€ESO0°C | 98100°0 I T10-3168G6°S | 10=-38%9°L | 90-38SL°1 | 60-39L2°€ | 19.8°y | €ESS°1 | S i
. * * ¢- cmanpmm-—- bom - ————— - ——- * - -
I 10-3992°% | 20 30062°2 | 93100°0 I 10=310%°L | 00 3020°1 | 90~39%E°¢ | 60-389¢°% | %»10S°9 I 11L0°2 I L] |
* * * ooy -pom- ---g . LTI P TR P L DL T ) * - .
I 10-3€CCT*2 | 20 3Svy(°TI | 923100°0 Y 00 308%°T | 00 36€0°2 | 90-3869°% | 60~39EL°W | 8200°C1 | 1291y | € ]
* * —nend * D L T s L ettt etttk 4 - ——— *
I 10-3€€0°2 1 10 3%19°1 | 65210°0 I 00 3562°T | 00 30%1°2 | 90-3616°% | B80-3%61°9 | 222#w°l | 9%29°¢t | é |
* * - L 4 CL LT X -d - - - - L 2 * *
§ 20-3108°% | 20-3i€2°L | S%99°0 I 00 3€SL°T )| 00 3090°6 | S0-3€80°2 | S0-328€°1 | 1000°0 I 9906°% | 1 |
* * .= - * - - om- L L R T o= _——- 3
1 [} ] 1 [} ] | | wiiz8a | Wi/80 I WO/¥3d3N | WO/H3dIN | E=waid | E-nal 9 | HIYWNN I
| (1x3N 0 | (1vods)a | 00387 | (¥)WY9 | (3)NWY9 } (3) V9 | (S)WVO | *SN3IG=N | *SN3a=-W | 44AV |
E £ 3 IIn."“""I"uH“N“““ﬂ“”“"”""“""N“"“""""“N“""“""“"“""“"""“""“““""""“"""“"""“"”H"""ﬂ“““"""""“"“""""N"""“"""“““"“"ﬂ"""“"n"""

¥ 930 00°862 =dWIL*WD 00 3000°1 =VOWYVY LV S31A¥3d0¥d IWNT0A LINN 40 AYVWWNS
* * * * PSR PR S U R R e R L LSS P L PR R L L e LR
| | i | €o~aguw°'T | | | (B T2 & I 2002°0 | 9 [
L * Ll 2 - * ) v A T G e D ) A T Y e e e e - e -
I 10 3%LL°S | 90 396E°E 1 20000°0 | E0-3166°S | €0-3¢€S°L | BO0~32€L°T | €1-35%6°¢ | 19.8°% f  €EssS°t | S |
* . P LT X PR _-—fm- T e e T e e e L T P L D L DRI L L DS bl L R L2l Dl hal d d et 4
I 10 3TeEe°*y | 90 3195°2 1 20000°0 I €0=310%°L | 20-3%00°1 | BO-360€°2 | €1-3¥26°E | »105°9 P 1rLoe | L |
. * ——¢ enowy - ‘- P L e e tntadutatabeded At LD DL L2 2 2 D Dbl bl L et ]
) 10 3591°2 | 90 3gL2°t | 20000°0 | 20~308%°1 | 20-3600°2 | B80-3819°% | €1-3€ap°L | ©20U°EL i 12ul*y | € I
* * - w-d + —pm—- B L e e L L L L P R e e L Ll Lttt e L LD D et ]
) 10 3s2v*2 | S0 3S19°1 1 S1000°0 | 20~-3562°1 | 20-3t6l°1 | 80~3E21°% | 21-3261°9 | <2eeén°*l | 9%29°¢t | 4 |
* * cupm—- o - e L L T T T e Y e L L L e e e L L R Ll L et tdd 4
| 10-3€i%*2 | 00 3650°1 | 2vEEe°0 I 20=3€SL°T | 00 36SL°T | 90-39%0°% | L0-30%%"6 | 1000°0 I 9906°%y i { i
* * - * [ e o e e Y T L L L P R D P DL Ll DL L Ll At el Lol bl et el e e it it 4
[} (2] | WY i | wi/80 | wWi/ed I WO/83d43N | WI/H3dA3N | [R22:1 %) | C~aun 9 | ¥ IowIN |
] (Lo i (Lv38)0 | 0Q3ev | (2)Wy9 1 ()WY | (3)WY9 | (SIWY9 i - *SNIU=N | *SN30-W ) 43AVT |
-...'““ﬂ”“"""'."""“""n"""”ﬁ“"”Hu"""““"“““"""“"”“""“"““"""""“““"""""""""““"“"““""“"""H"“""“""“““"N""“""“""""""““""AN"H“"““"““"""““““"

¥ 930 00°662 =dw3Ll*wd 10 3000°1 =vawWv1 LV S31143a0dd IANTOA LINM 40 AHVWRNS

[ PRI QPRSI R SpRpRPEPEE PSP IR AP S RO et Dttt de b L Ll D Al ol Sod et ot g

0s°0 t 00°9 I 00°0% 1 002°0 I 0*00u0T | 0°000W® |

- > G 0 ) O > o o v - e e o

Py -
| ‘811 | 02°0 | 00°9 I 00*01 I uoo0°t I uveooue I 0°0009 I
* + - J e T e e R R P T L LRl it el ki g
| 017 | 02°0 | 00°Yy I oo°0t . I 000°% I 0°0009 I 0°000% |
- * -t - - " - P o T e v e e O -
| ‘011 | 02°0 | 00°9 i o00°01 I 000°% t 0°000% i 0°0001 |
3 * - P R A e L L R R AL S R L TS S Al b L L Ll t
| ‘011 | 02°0 | 00°9 1 00°02 I 000°L I 0°0001 t 0°00€ |
‘- - [ T ——pm- ll0llllllllllllollllllllllliollllltllllllodllilllllllco
t NIvY | 02°0 | 00°S I 00°00% I 00E*S t o000t i 0°0 |
too- ‘- e O e L T L e L S R S T T e Rt 2 4
| | | ! NOXMDIW | Cuun/9 | Sudldn | Sd3t3nw |
| *dW0d | 2d | 12 | (360W) | ALISNIG | alLlZ | Isvaz |
”"”"“”"“"”“"""“““"""“""""""”"“""""""""""""“"““""""“"""“"""“"""""""““""“"""“"“"“""""""“"“"““

dh/Wn 0ST NIVH °m SNBWINOTINKWND 1=92

221




Y PEG €l2=dinl IV SOI HOS (IAQV SINTVA =

* _—eccmneee

* + P L L DL L L L Dbl Rttt *-

*
20-AT0€°2 | 20-mO6L°C | 90L09°0 ! €0 Fgwy*T | TO F16Q°1T | SO-E9¥C % | SO-Fgeg*2 | 8211°0 i 1002°0 | * 9 |

lll-lolllll!llllllolllllIllllllolllllllillllolllillllllllolll'll-lllllo

rmnw -t —-———

€0-3510°2 | E0-3SL1°% | %323%°0 | €0 3155°S | 20 36SI°2 | %0-3€96°% | %0-356€°2 | 19L8°% I €£8S°1 | S |
PS +* - - - - *

P e it St ded bl bbbk Sl

——— - —————

€0-311S8°1 | €0=-31€l°E | %»528%°0 I €0 310%°L 1 20 3648°2 | %0-3819°9 | %0-3€61°€ | &10S°9 [ Q X A I Y |

- . P e

0|lllllllllll0IIIIlilllillQlllllllllll|0l|Illlll'lll.Illl|l|lll||0l|l|ll||lll'0

*
¥0-3555°L | €0-3995°1 | %528%°0 I %0 308%°1 | 20 38SL°S | €0-3%2€°1 | %0-3i8€°9 | 8200°€l I 12wy | € |
.

P PR P kit dk St dded it bttt 4

e L DDt

- ——- -

€0-30€6°1 ) €0-3065°E | 8611S°0 | %0 3562°1 1| 20 399€°2 | %0-30%%°S | %0-358L°2 | 222»°1 I 9929°t | l |

s e nemrcacea=y

P et S T L P ol Dt Dbl baladdd deddnb e btehed

e et po b=

* b - *
20-3169°S | 20-3818°S | E3I6LS°0 t %0 3€SL°T 1 00 3€%9°L | S0-3LG2°1 | S0-3810°T | 1000°0 I 9906°% i 1 |
* tmmmmn +* +* lllIll0lIlllllllIlloIlllllllllll0Illlll|l|lll0|lllll!lllllollllllllllilo
[} [ L} ] | | wWi/80 | /80 I WO/83d3N | KWO/¥3d3N | L-aanNd | C=neah 9 | H3unNN |
(1x3)a 1 (1vis)a | 0a387v | (Y WYO | (3)nv9 | (3)IAV9 i (S)IWV9 i *SN30-N | *SN3G-W | aw»«u M

% 930 00°862 =dW3L*WD 20-3000°1 =VOWV1 LV S31133d0dd 3WNT0A LINN 40 AYVHHNS

ll‘lllllllll-llblllllIllllllollllllll'l'l#lllllllllIllOllllll-ll'il#l-ll'lllllll#lllll-l|--ll0|lllllllll|l0

| I TO Fghy T | ! I I w2ll°0 I 2002°0 | Y |

PP R P RE R et Rl D e e i 4

¢ -

- ———————— -

€0~-3080°6 | 20-3566°t | 82L22°0 i 10 316S°S | 10 316L*y | 90-3101°1 | S0-3€0S8°¢ | 19i8°% I EEss*l | S |

e —————————— - -

* R S it S R D et Rkl Rt D bbbl St

€0-3018°9 | 20-3966°2 | 82.22°0 ) 10 310%°L ) 10 38BE°*9 | %0-369%°1 | SO=-38£€°€ | %10S°9 I 11202 | Y |

o J N PR PSR QU SR SR e D e ittt hbedeinte ittt d
€0-3spy°e | 20-386%°1 | 82.22°0 120 308%°T ) 20 36l2°1 | %0-3.€6°2 | S0-35L9°9 | 8200°¢€l I 12sl~y | € |
* - - - - = = - - " P = e e e W ——— - P S R D ittt 4

€0-396%°2 1 £0-30L0°9 1 0ElI%°0 I 20 3562°1 | 20 32%L°lL | %0-3900°% | %H0=-38wy°1 | 2e2%°1 I 9929°¢ | 4 I

S e T P T T L R L Ll DDttt ot bt 4

* P L e Rt L S L P L

20-382€°S | 20-3L9L°8 | 50609°0 | 20 3€S4°1 | 00 3991°8 | G0-3L/8°1 | S0-3t%1*1 | 1000°0 I 9906°% | 1 |

* ll‘llllllll'l-lollllllllllll’lllll|llll|‘0Illllllllllloillllllllll!ollllllllllllOllilllllllllQlll'llllllll0

)] ! WX | | wM/80 i WY/80 I WO/83d3N | RIO/¥343N ! E=aaHd I C=nak 9 | YI3onN I
H3AvI

R IR A R o 3

(1x314 | (1v3si1a 0038V I (4)nv9 | () Nvo I (3)Wv9 | (S)nY9 | *SNAU=-N | *SN3U-nw | |

% 940 00°862 =dnw3L*WD T10-3000°T =vUWV Lv S3I1143d0dd 3IWNI0A LING 40 AHVARWNS

PP G L NI S IRy S S SRR ettt bttt 2 L P LS P L Lo 4

L N1 | 0S°0 | 00°9 I 00°0% i 002°0 I 0°0000T I 0°0008 ]

————-

trswm——-

011

- - P o = o = - e W -

02°0 1 00°9 I 00°01 I 000°¢t I 0°0008 I 0°0009 1

+

I I

* + -—— -—— P et G R e et X 4
| 01N [ " 02°0 | 00°9 I 00°01 | 000°% [ 0°0009 f 0°000% [
+ * e etetemaeccemccceatlecmeemcmee—efrmemme—cm———ferememcm————fm———————————¢
f 011 I 02°0 [ 00°9 i 00°01 | 000°6 | 0°000% I 0°0001 |
trmmrnn e ey - -—— etrrmemr— e e ————— - - L
t oI | 02°0 | 00°9 | 00°02 I 000°¢L | 0°0001 I 0°00¢ [
t——— ——— e L L T R ittt L Ll L DL LD DS DLt d
| NIVY | 02°0 1 00°S | 00°00% i 00€°9 I 0°00€ | 0°0 |
+ + —— R b T et Sttt L L DL DL D D LD Ll bl X 4
| | | | NOHDINW | Coan/9 | SY3L3W | SY313n |
I *dW0D | [4¢) | 10 ] Auooxvﬂ | ALISN3G ) aOhN | 3svez |

UH/RW 0ST NIVY *m SNBWINONWND 1-92

222




i £3a €l2=4Y IV HDOI ¥Od GIAQV SENTVA «

comeapenn —mw—-y llQlllIIl!lll'lQlllllllll'll0Illlll'lll6l0lllllll'lllltllll ———— - -e

* L

| 20~%2G6°Z | TO0~M0GB’'S | TGHOS O | GO @ghw T 1 T0 AWly T 1 Go-EEBL C | GO-350L°T | 82ll*o i 1002°0 " % 9 \
* * - - - * llllolllllllllllloIJlllllllllloll!llllllltl0ll'!l-lIllllollllllIlllllo!l!lllll!lllo
| E€0-3L%%°2 1 €0-32€L°% | LILIS*O 1 60 3166°S | 20 34Ls°L 1 %»0-3980°% | n0-3ET1°¢ | 19L8°Y I e€ss*l i S |
L * —cnpom- - ;KlolllllllltlllolllDllll!tll0llllll!!llliol!lllll.-llllQlllllll!ltllollllllllllll0
t €0-39€8°1 | E0-36%5°C | LU1L18°0 | S0 3T0%*L | 20 30LE°2 | #w0-38wv°S | n0-3ulwe | »10S8°9 | tteoce | Y |
* * —m—e -t S el L D T L LD LS L St ettt Gt J e et bt DLt L Lol ol 4
I %0~3941°6 | €0-35LL°1 1 LILISTO I 90 308%°T 1 20 30%.°% | £€0-3060°1 | %0-3S£9°S | 8200°¢tl 1 1291°y | € |
* * PR L L —————- !Iollllllll!lllollllllllllllollllllllilll0ll|lll||llll0llllllllllllﬁllllllllll!lo
| €0-3291°2 | €0-3892°% ) §9905°0 ! 90 3S62°1 | 20 3210°2 | 90~3929°% | n0=-3Ene®2 | 222n°l I %929°¢ | é |
* Gmmemm E T LY T L L g - ||I|0||l|ll|llll|0lllll'ltllll0lf'lllll||Il0Illlilllll'lQ|l||||llllll’ll!lll'lllll0
| 20-3L12°S 1 1O0=-3T€1°1 t 19590S°0 i 90 3gs2°T | 00 3609°L | go-36%L°1 | 90-3S%8°8 | 1000°0 | 9906°% | 1 |
* - P —-p e lllolllll!llllllollllllllll!iolllllllItlllollIIllllllII0Illllllll!llol'lllllllltl0
| Wi | b | | WX/80 1 /80 I WO/83d3IN | WI/u3a3N E=aahd | E-nan 9 | LELL AL |
| (1xda I (1vds)a 1 00367V | (8)nv9 | (3)WVO ] (I WVO | (S)WVO | *SN30=N 1 *SN30G-w | HIAVT |
.“'“.un"'"“'u.u"“"““"“""“““"“"““““"n"""“"“““““"""“"""”“““"""“"""H“““"""""""""""““"""“"""""""“““""“""““““"““"“"“""““"""““"““""“"““"

M 030 00°962 =dW3ILSWD €£0~3000°T =VUnWVY LV S$31143d08d 3IWNTOA LINA J0 ABVHWNS

0|lll|lllll|l0Illlll!lllIl‘lllllll!llli0ll||ll|ll|ll0llllllll|Il|0lllllllllllltllllllllllllo

| 301 | 0s°0 | 00°9 I 00°0% I 002°0 | 0°00001 t o0r°oco00H i

e * 0llllllllllllo!lllllllllll0|l|lllllll|lo!!Il||Ill||l0ll|l|lllllll0

| *0l" | 02°0 | 00°9 i 00°01 I 000°t I 0°000H | 0°0009 }

P el D L Lt L L obataded g

0OlilllllllllQllliilIlllllQlllll!llllllo!Iilllllllll&l'll!l!lllll

| ‘011 P 02°0 i Q0°9 i 00°01 I 000°% I 0°0009 | 0°000% |

P R ihd

- coww=d

| ‘01 | 02°0 | 00°9 I o00°01 )} 000°w I 0°000% y 0°0001 |

- * |00|llllllll|l0|ll|ll|l0lll0!l|lll|lllll0ll!lllllllllQlllllllllllio

| 011 | 02°0 | 00°9 ) 00°02 I 000°L i 0°0001 | 0*00C |

J N R b etttk dbded g

| NIV I 02°0 | 00°S I 00°00% i 00E°9 I 0°00¢ i 0°0 |

- - - - - -
| | | ] NOHDIW | Cand/9 | Seudlin | Su3dtaw |
i *dwod | 2d [ : a0tz :

n“""u““"“""”“““""“u"“““""““"““"“

223



